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3.0 SALMONID PROTECTION ISSUES AND EXISTING MITIGATION MEASURES

Section 3 addresses existing issues and mitigation measures for species of concern specific to the Wells
Project area. Thissection addresses upstream and downstream passage of adult and juvenilefishes, water
qudlity, reservoir production, predation and fish production associated with Wells Project. Existing
mitigation measures related to each of theseissuesare a so described. Proposed mitigation measures are
presented in Section 5 and monitoring in Section 6 of this document.

31 UPSTREAM PASSAGE OF ADULT FISH

The fallowing section addresses issues specific to exising mitigation and monitoring programs for adult
upstream passage in the Wells Project area. Timing of adult passage at Wells dam is detailed in Section
2.2.1 of this document.

Wels dam has two adult fishways, one on each side of the hydrocombine (Figure 2-11), to facilitate
upstream passage of adults past the project. Adult counting stations are located in the vicinity of the exit
of each ladder. Section 3.1.1 addressesissues and mitigation for adult passage at the dam, and Section
3.1.2 addresses issues and mitigationfor adult passage through the reservoir. Generdly, adults of species
of concernare present inthe project area from May through November, athough adult steelhead may be
present year-round.

3.1.1 Upstream Passage at Wells Dam

Thetermadult fishway is defined inthis document as al structura and operational components of adult fish
passage fadlities at the projects induding entrances, collection systems, ladders, water supply system,
attraction jets, counting and brood stock collection facilities and exits. A full description of the structura
and operational aspects of the Wdlsadult fisways is provided in Sections 2.3 and 2.4. Potentid biologicd
issues related to upstream passage of adult fish via the fishway fadilities include delay, adult falback and
pre-spawning mortaity. Thefollowing isasummary of these issues as they apply to Wells dam.

Existing I'ssues

Upstream passage fadilities a the Wedls Project are operated in accordance with criteria specified in a
1990 Settlement Agreement (Federal Energy Regulatory Commission 1990). The fisways are inspected
by representatives of the state and federa fishery agencies, tribes and the Fish Passage Center (FPC).
Modifications to address delay or mortdity are implemented in agreement with the Wels Project
Coordinating Committee (WCC). Recently, amgor study of adult migration in the project areahas helped
to further identify issues and concerns with passage of adult chinook at the project (Stuehrenberg et d.
1995). Discussion of adult upstream passageinvolves physica and behaviord aspects of fish, and physica
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and hydrologic characterigtics of the facilities. Terms used to describe features of the adult collection and
fishway facilities used in this section are defined as follows (in order of their use):

RDSE = Right downstream entrance
LDSE = L eft downstream entrance
RSE = Right sde entrance

LSE = L eft Sde entrance

Delay

Migrationd delay of adult sdmonids has the potential to increase mortaity by increasing exposure to
harvest or disease and to cause reductions in adult energy stores or spawning ability. Stuehrenberg et d.
(1995) indicate that adult spring, summer, and fal chinook saimon quickly located the Wells fishway
entrancesin 1993 (Table 3-1). Thetime between tailrace arriva and first entry into the fishway a Wells
was found to be lower than at the other four mid-Columbia project fisways. Stuehrenberg et a. (1995)
concludes that the rapid entrance location time at the Wdls fishwaysis a result of the low number (four)
of entrances at the project and the proximity of the entrancesto the fishways.

Mediantotal passage time for adult oring chinook at Wells damin1993 was 28.5 hours, ranging from2.9
to 1,396 hours (Table 3-1) (Stuehrenberg et d. 1995). The median time required for spring chinook to
locate the Wels fishway entrances was less than one hour (Table 3-1). The median time required for
spring chinook to move through the collectionsystemand locate ladders was 26.8 hours. Median passage
times through the right bank and left ladders were 2.2 and 2.1 hours, respectively (Table 3-1)
(Stuehrenberg et d. 1995).

Median total passage time for adult summer chinook at Wells dam in 1993 was 46.9 hours with arange
of two to 1,108 hours (Table 3-1) (Stuehrenberg et d. 1995). Summer chinook required a median time
of only 0.4 hoursto locate entrances, and required a median time of 33.3 hours to negotiate the collection
channd systemand enter the ladder. Oncein the ladder, median timefor passage through the right and I eft
bank fishways was 2.6 and 2.7 hours, respectively (Table 3-1) (Stuehrenberg et d. 1995).

Median total passage time for adult fal chinook a Wells damin 1993 was45.6 hourswitharange of 4.8
to 828 hours (Table 3-1) (Stuehrenberg et d. 1995). Fall chinook required a longer time to locate
entrances and laddersthan ether spring or summer chinook, requiring amediantime of 2.4 hoursfromfirst
entry into the fishway to the last collection-channd exit and location of the ladder. Once in the ladder,
mediantimefor passage through bothright and left bank fidways was 2.4 hours (Table 3-1) (Stuehrenberg
et al. 1995).
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Table 3-1. Median passage travel time of radio-tagged chinook and sockeye sdmon passing over
Wdlsdamin 1993
PLACEHOLDER
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Median tota passage time for adult sockeye sdlmon in 1992 was 31.2 hours with arange of 7.2 to 444
hours (Table 3-1) (Swan et a. 1994). Sockeye required a median time of 2.4 hours from arriva to first
entry into the fishway; the time required to |locate the laddersis not available. Oncein the ladder, median
time for passage through the right and Ieft fishwayswas 4.8 and 7.2 hours, respectively (Table 3-1) (Swan
et al. 1994).

The efficiency of the Wells fishway entrances varies by entrance location, species, and race/deme. For
spring chinook, the right downstream entrance (RDSE) and the left downstream entrance (L DSE) showed
relatively highnumbersof net positive entrances, i.e., more fish entering than exiting the fishway. Theright
sde entrance (RSE) showed dight net positive entrances and the Ieft side entrance (LSE) showed dight
negative net entrances, i.e., more fish exiting rather than entering the fishway. The negative net entrances
at the LSE indicate that spring chinook were entering through the LDSE and exiting through the LSE.
Springchinook used both fisways about equdly, and most frequently entered through the LDSE, followed
by the RDSE (Stuehrenberg et a. 1995).

The mgority of summer chinook (90% ) used the left fishway and most frequently entered through the LSE,
followed by the LDSE. The LDSE showed high net pogtive entrances with the LSE, RDSE, and RSE
showing very low net pogitive entrances (Stuehrenberget d. 1995). Fall chinook most frequently used the
left fishway (61.5% of the time), and most frequently entered through the LDSE, followed by the RDSE.
All entrances showed net pogitive entrances, with the LDSE and L SE highest (Stuehrenberg et d. 1995).

Sockeye salmon most frequently used the left fishway (65% of thetime) (Swan et d. 1994). About two-
thirdsof sockeye successfully passing through the fadilitiesentered viathe end entrances, LDSEand RDSE,
and about one-third entered via the side entrances, LSE and RSE. Only the LDSE had strongly net
pogtive entrances. The right fishway entrances (RDSE and RSE) and the LSE dl had net negative
entrances, dthough it may not be possible for both the RDSE and the RSE to have net negative entrances,
the right fishway was nonetheless much less efident than the left fidway. Sockeye adults which
successfully negotiated the fishway made an average of 24.5 and 41.5 entrance attempts at the left and right
fishways, respectively (Swan et d. 1994).

Based on these results, the Sde entrances (L SE and RSE) were inefficient at passng spring and summer
chinook and sockeye, but were effective entrances for fal chinook adults. The LDSE was conggently
effective a passing dl four species, and the RDSE was dffective for spring and fal chinook passing the
WeIs Project. Therefore, reducing thenumber of entrances, which may beeffectiveat other mid-Columbia
projects, may not sgnificartly improve adult upstream passage time for chinook sdmon at Wels dam.
More information may be needed to explain the high number of entrance attempts and net negative
entrances for sockeye a the right fishway.
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Adult Fallback

Adult falback is defined as voluntary or involuntary downstream movement of upstream migrating adults
acrossadam. Adult fallback information isavailable for spring, summer and fal chinook and for sockeye
sdmon from radio-telemetry sudies at Wells dam (Swan et d. 1994; Stuehrenberg et d. 1985). No
detailed radio-tdlemetry information regarding adult fallback is available for steelhead trout at Wells dam.

Stuehrenberg et d. (1995) reported that 3.6 percent of radio-tagged spring chinook adults (two of 56)
experienced falback a Wells dam in 1993. Both of these adults were last located in spawning areas
downstream from Wels dam. Fourteen percent of summer chinook adults (14 of 98) fell back over the
project. Six of these fish later reascended the adult fishway, two were last located in spawning areas
downstream from Wells dam, four were last located in the Wdls tailrace area and two entered the Wells
fishhatchery. Twenty-one percent of radio-tagged fal chinook adults (11 of 52) fell back over Wellsdam;
one of these adults reascended the fishway, six remained in the tailrace, one was harvested downstream
of the project, and three returned to Wdllsfishhatchery. Stuehrenberg et d. (1995) stated that they could
not differentiate adults spawning inthe maingemfrommortdities. Giorgi (1992) documented fall chinook
spawning in the Wdlstallrace. In 1992, 13 percent of radio-tagged sockeye adults (nine of 69) a Wells
dam fell back at least once; dl falbacks occurred during periods of spill, ranging from 4.1 to 7.6 percent
of total flow at the project (Swan et a. 1994). Of nine adultsthat fdl back, two fdl back twice. Only one
falback did not reascend the project.

Stuehrenberg et a. (1995) could not determine whether or not the adult summer and fall chinook that fell
back and did not reascend the fishway may have "overshot" ther intended destinations and fell back
actively acrossthe dam as they headed back downstream. They offered no evidencethat these fishmight
have otherwise migrated past Wells dam and spawned at some upstreamlocation. Overdl, theincidence
and frequency of falback at Wells dam appears to be consistent with fallback at other Columbia Basin
mainstem dams (Stuehrenberg et d. 1995).

Adult Losses at the Project

Interdam loss, defined as disappearance between two hydropower projects, is one component of pre-
spawning mortdity of adult salmonids, as are other factors such as disease, harvest, etc. Pre-spawning
mortdity, in turn, is defined as mortdity between the time of measured escapement and the time of egg
deposition(Chapmanet d. 1991). Interdam loss canbe further differentiated into losses at the dam, inthe
reservoir and in the tailrace area.

Losses of adult sdmonids that may take place at Wells dam have not been enumerated. There are no
known causes of direct adult mortaityat Wells dam. Known causesof adult mortality that could potentialy
occur a Wedlsdamare TDG supersaturation, tailwater temperature, and mortdity associated withfalback
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over the spillway or through the turbines. The Stuehrenberg et d. (1995) study of chinook fallback at
Wdls dam could not differentiate adult mainstem spawning from mortdities.

Sixty-one tagged fal chinook were lagt recorded in the Wdls dam tailrace, seven were last recorded in
Widls reservair in the vicinity of the dam, and two were last recorded inthe Wels dam area (Stuehrenberg
etd. 1995). Thefaeof thefal chinook adultslast recorded in thetalraceisnot known, athough they may
have spawned there. It isnot possible to compute percentages of adults either lost at the project or that
spawned below the project from the data as presented in Stuehrenberget d. (1995). Swan et a. (1994)
observed that 90 percent (71 of 79) of radio-tagged adult sockeye successfully passed over Wells dam.
The fates of the eght adults that did not pass the project are not known. Little data are available
concerning adult losses of steelhead a Wells dam.

Previous and Existing Mitigation M easures

Migrationddlays were noted during the first few years of fishway operation (Meekin 1967). Largeschools
of adult sdmon were observed in the tallrace, gpparently searching for fishway entrances. During this
period, turbinesingaled to pump water through the fidhways wereinoperative, consderably reducing adult
attractionflows. Tota blockage was never observed, but delays occurred. During 1967 and 1968, while
equipment was being upgraded, fishway operation was dternated to alow upgrading of the system.
Severd other reasons were cited by Meekin (1967) for delays observed in fish passing through the Wells
fishways.

Head differentias at fishway entrances a so required modificationduring the firgt years of fishway operation
asthe amount of atraction flow was insufficient to attract adults. The origina entrance head differentia of
one foot was modified to operate at one and one half feet, which improved adult attraction. Lights were
dsoingdled ininternd portions of the fishway in order to aid adults in negotiating the ladders.

The fishway facilities a the Wells Project are consdered to be rdatively successful (Fish Passage Center
1992, 1993). Fishway-operating criteriaare modified on an annud basisin the agreement with the WCC.
Thefadlitiesareingpected annudly by the FPC. Reports based on these ingpections have been produced
annudly (Columbia Basin Fish and Wildife Authority 1994) for 11 years and have contributed to the
development of fishway operating criteria (see Section 2.4.2) and the fine-tuning of fishway operations.
Operating criteriaareincluded inthe 1990 Settlement Agreement (Federal Energy Regulatory Commission
1990).

Effectiveness of Existing Mitigation

Rdative effectiveness of Wdls fishways has been assessed by comparing ther performance with other
fisways inthe Columbia and Snake Rivers. The chinook sadmon radio-telemetry study by Stuehrenberg
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et d. (1995) is the only work that includes a systematic evaluation of severa mid-Columbia fishways.
Based on these reaults, it is gpparent that the Wells fishways are the most effident of the mid-Columbia
fisways withrespect to the attraction of fishto the fishway entrances. The median time required for adult
chinook to pass through the collectionsystemand enter ladder sections of the Wells fishways was among
the highest of the mid-Columbia fishways. Datafrom Stuehrenberg et d. (1995) indicate that spring and
fal chinook salmon took an average amount of time, and summer chinook took longest, to negotiate the
adult fishway at Wells dam as compared to the other four mid-Columbia projects . The median total
passage time a Wells dam for spring and fal chinook was average for the fishways a mid-Columbia
projects, but passage time for summer chinook was highest of the mid-Columbia fishways .

Since Swan et d. (1994) evduated adult sockeye passage only at Wells dam, a comparison between
projects is not possible. However, based on the results for summer chinook, which pass Wdls dam at
goproximatdy the same time of year, sockeye took lesstimeto pass the project, but fell back more often.
Adult sockeye gppear to pass the project more frequently via the right fishway than the left fishway.

Itisextremdly difficuit toisolatevariables affecting the success of the Wells fishway fadilitiesin passing adult
migrantsupstreamfromthe tailrace to the forebay. Any evauation of fishway effectivenessis complicated
by behaviora and life history variability of anadromous fish stocks, and by agenerd lack of informationon
migration and gpawning behavior in the mid-Columbia River reach. It is reasonable to expect that
mitigation addressing chinook salmon delays, falback and losses at the project and reservoir will have
amilar effects on adult passage of other salmonid species.

Ongoing Monitoring

The state and federd fishery agencies, tribes and the FPC conduct annual inspections of the fishway
fadlitiesat Wdls dam. The WCC coordinates mitigation measuresthat result from any problemsidentified
during the ingpections. No surveys track fal chinook spawning in the tailrace area at the present time,
therefore adults that may spawn in the tailrace are not included in estimates of interdam loss of adult fal
chinook that may be attributable to Wells dam.

3.1.2 Upstream Reservoir Passage

Once adults pass the dam, they navigate the reservoir to reachtributary spawning areas. |ssuesregarding
reservoir passage include travel time and surviva of adults. Wells reservoir hastwo mgjor tributaries, the
Methowand OkanoganRivers, that are used for spawning. Thefederd project upstream from Wellsdam,
Chief Josephdam, has no adult upstream passage fadilities, and, therefore, adults passing the Wells Project
are destined for spawning areas inthe tributariesto Wels reservoir, the reservoir itsdf, or the Chief Joseph
tallrace. Since counting takes place only a Wells dam it is not possible to enumerate losses of adults
between Wdls damand the various spawning destinations. Passage of adult sdmonidsthrough reservoirs
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has been documented in other areas of the Columbia River Basin (Bjornn and Peery 1992; Bjornn et d.
1994; Bjornnet d. 1995). Only two studies, Stuehrenberg et a. (1995) and Swan et a. (1994) have been
performed on the mid-Columbia River reservairs. .

Thereislittle evidence to suggest Significant impacts on adult migration and pre-gpawning mortality occur
in the mid-Columbia River reach reservoir environment. Bjornn and Peery (1992) included informetion
from mid-Columbia and other run-of-river reservoirs in their comprehensive review of the effects of
reservoirsonadult sdmon. Based onthe availableinformation, they concluded that run-of-river reservoirs
had minima effect on migrating adults. Adult sdlmonids generdly pass through these reservoirs at smilar
or fagter rates than they do in the naturdly flowing river. There is no evidence of serious disorientation,
wandering, straying or mortdity associated with reservoir conditions.

Adult Reservoir Passage | ssues
Trave Time

Trave time of adult sdmonids through both impounded and free-flowing reeches is rdatively well known
in the Columbia River Basin. Adult sdmonids travel ratesrange from less than seven to 17 miles per day
inunimpounded reachesof the lower Columbia and Snake Rivers. Trave rates of adult spring and summer
chinook and sockeye through Wdls reservoir range from 2.2 to 7.2 miles per day (Stuehrenberg et 4.
1995; Swanet d. 1994). Adult chinook dowed their speed of migrationthrough the mainsemreservoirs
asthey neared their nata streams and hatcheries (Stuehrenberg et d. 1995). The observed dower travel
rates through the Wels reservoir are probably the result of the proximity of the fish to their spawning
streams as well as delays in upstream migration due to elevated temperatures in the Okanogan River.
Typicaly by the middle of July the Okanogan River exceeds 23°C (75°F) and as such precludes the entry
of adult summer and fall chinook, summer steelhead and sockeye (Chapman et d. 1995b).

Trave times of spring and summer chinook and sockeye salmon through Wells reservoir to the Methow
and Okanogan Rivers are presented in Table 3-1. Spring chinook adults took a median 30.9 hours to
travel from Wdls dam to the mouth of the Methow River (eight miles), a rate of 6.2 miles per day
(Stuehrenberg et d. 1995). Spring chinook took a median time of 270.4 hours to travel the 69 milesto
the mouth of the OkanoganRiver, anaverage of 6.1 milesper day. However, summer chinook adults, for
the mogt part, traveled to the Okanogan River mouth, held near the mouth, then returned to the Methow
River 61 miles downgtream. The median travel time to the Okanogan River was an extremely rapid 24.6
hours, and the median tota time to travel the 130 miles from Wells dam to the Methow River viathe
Okanogan River was434.2 hours, arate of 7.2 miles per day (Stuehrenberg et d. 1995). Theauthorsdo
not present travel times for fal chinook to their destinations above Wells dam.

Twenty adult sockeye radio-tagged by Swan et d. (1994) took a medianof 33.5 daysto travel 24 miles
fromWelsdamto Monse at RM 6 of the Okanogan River (range of eight to 43 days), an average of 0.72
miles per day. Swan et d. (1994) note that the temperature in the Okanogan River was above the level
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which sockeye would enter the river until August 23; only three fish entered the river before this date.
Interdam L oss

As dated earlier, interdam loss hastwo components: [oss at the project and lossin the reservoir. Dueto
lack of comprehengve fish counts in the M ethow and Okanogan Riversfor the species of concern, itisnot
possbletoisolate lossin the project. Lossinother reservoirsvariesby time of year, species, and project.
Lossrates for soring, summer and fdl chinook in the reservoir cannot be caculated from Stuehrenberg et
a. (1995), ancethefate of fish last tracked in Wdls reservoir and below Chief Joseph damis not clear.
The authors could not account for eght oring chinook below and six above Wells dam, and two summer
chinook below and two above the project. Seven fdl chinook were last located in Wdlls reservoir near
Wels dam; one waslast tracked at the mouth of the Okanogan River, where it may have spawned. Seven
were last tracked in Wells reservoir in the vicinity of the Bridgeport Bar, and may have spawned there.
Sixty-one fal chinook were last located inthe Wells tailrace and may have spawned inthe tailrace, but the
authors stated that they could not distinguish adult mainstem spawning from mortdities.

Most adult sockeye salmon radio-tagged by Swan et d. (1994) were destined for the Okanogan River.
Ofthe 69 adultsthat passed over Wdls dam, 29 (42%) were accounted for at Zosel dam onthe Okanogan
River. Itisnot possbleto determinethefate of the remaining adults, they may have either moved upstream
to the base of Chief Joseph dam, entered another tributary to Wells reservoir, remained in the lower
Okanogan River or remained inWdlsreservoir. Another explanation for the low detection percentage at
Zosdl dam isthat some tags experienced antennae problems and were not able to be tracked.

These low numbers of unaccounted-for adult chinook suggest that the loss rate of chinook in Wells
reservoir islow, and may be within the 3to 5 percent rates calculated for other reservoirs. The lossrate
of sockeye samon between Wels dam and Zosd dammay be very high, but the causes of thisloss (such
as letha water temperature in the lower Okanogan River, passage loss at Zosel dam, wandering, or
reservoir effects) cannot be isolated. However, aradio-tag study of adult sockeye salmon conducted in
1997 (Alexander et d. 1998) showed that 83 percent of in-river migrantsthat passed Wels damreached
the spawning grounds in Canada.
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Previous and Existing Mitigation M easures

Full and complete mitigation for anadromous fish losses at the Wels dam, induding upstream migrating
adults, has been dipulated in the 1990 Settlement Agreement (Federal Energy Regulatory Commission
1990). No additiona mitigation is required under the settlement agreement for the loss of adultsin Wells
reservoir. There isno evidence to suggest that adverse impacts on adult migration and subsequent pre-
pawning surviva occursin Wdls reservoir.

Effectiveness of Existing Mitigation

No mitigationisrequired for reservoir effects. Adult passage rates through Wells reservoir areinfluenced
by the proximity of the reservoir to spawning streams and the ambient temperature encountered by adults
in those tributaries, rather than the presence of or conditionsin Wellsreservoir.

Ongoing Monitoring

Monitoring efforts specifically designed to evauate reservoir-related impacts on adult migrants in Wels
reservoir are unnecessary due to rapid adult passage rates.

3.2 DOWNSTREAM PASSAGE OF JUVENILE FISH

3.2.1 Downstream Passage at Wells Dam

Existing Concernsand Issues

Fish migrating downstream through the mid-Columbia reach encounter a series of reservoirsand dams on
their journey to the Pecific Ocean. Potentid mechanisms that alow fish to pass from the upsiream to the
downgtream sde of any dam include the following:

. passage through a turbine;
. passage over a Spillway, through aduiceway or locks.

. passage through a permanent fish bypass system,

. passage ina downstreamdirectionthroughancillary damfacilities, such as the adullt fishway
facilities or
. collection of fish on the upstream side of the structure followed by transport and release

on the downstream sde.

Issues for each of these potentia methods of downstream dam passage asthey relate to the Wels Project
are presented in this section.
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Turbine Passage

Turbine-rdated juvenile fish mortdity includes both direct and indirect components. Direct mortdity can
result from mechanical damage, pressure-induced damage (including cavitation) and damage due to the
shearing action of water present when two proxima planesof water exist withopposing vectors. Indirect
mortaity can result from conditions such as stress, disorientation and backroll entrgpment which are not
normaly lethd inthemsd ves, but whichmay result inincreased risk of predation or injury during subsequent
downstream migration.

Fundamenta relationships as they relate to turbine passage and mortdity have not yet been established
between physicd variables such as turbine criteria and hydrographic conditions, and biologica varidbles
such as species, size, condition, and hedth (Iwamoto and Williams 1993). However, based on current
undergtanding, it is often possble to suggest whether a particuar feature will have pogtive or negative
impact on turbine mortdity. In the discussion that follows, project-specific features of the Wells dam
turbines are noted which may affect turbine mortdity.

System surviva studies conducted on the mid-Columbia reach during 1982 and 1983 examined spring
chinook surviva through two reaches. Pateros (at the head of Wdlsreservoir) to Rock Idand, and Rock
Idand to Priest Rapids (McKenzie et d. 1984a, 1984b). The Pateros to Rock Idand reach involved
passage through three projects (Wels, Rocky Reach and Rock Idand) and resulted in surviva estimates
of 64 percent in1982 and 60 percent in 1983. Based on thisinformation and making the gross assumption
that mortality rates are gpproximately equal through each project, the authors estimated the single project
mortdity for Wels, Rocky Reach and Rock Idand at about 13 percent in 1982 and 16 percent in 1983.
These studiesmade no pecific estimates asto what portions of the project mortaity were associated with
direct and indirect turbine mortdity, reservoir effects, or other factorsinvolved with project passage. The
hatchery-based compensation program developed as part of the 1990 Wdls Long Term Settlement
Agreement assumes an initia tota project mortality rate of 14 percent.

A sudy attempting to measure turbine and spillway mortdity specificaly for Wells damwas conducted in
1980 fallowing two years of pilot studies (Parametrix 1986). Whereas the 1978 pilot study suggested
direct turbine mortdity was very low, the 1980 study results estimated Wedls turbine mortdity at 16
percent. However, severa seriousassumption violationswere observed during the 1980 study. Left brand
and right branding positions were used during this study and the recapture and subsequently the surviva
estimates generated from the two different mark groups was very different. Resdudism during this study
varied greetly between the two different brand types which may have adversdy effected the recapture
estimates for the various groups. In addition the pre-release, post-marking survival of the two brands
groups was aso very different. Survival estimates generated from these two different marking groups
ranged from a high of 96 percent to alow of 6 percent.
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All of the turbine runners at Wells dam were replaced between 1988 and 1990, and there have been no
turbine mortality studies conducted at Wells sncethat time that would reflect the improved turbine passage
conditions. Recent studies conducted at Rocky Reach dam measured mortalities of about 6 percent for
Kaplan turbines (RMC and Skalski 1994a, 1994b). A review of nineturbine passage studies conducted
for lower Columbia and Snake Rivers dams found that Kaplan turbine passage mortdity estimates varied
from 2 to 20 percent (Iwamoto and Williams 1993).

Turbine intakes at Wells dam are located quite deep in the water column as compared to most mid-
Columbia River hydrodectric fadilities, primarily due to its hydrocombine design which places the turbine
intakes below the spill bay intakes. The top of each Wells turbine intake is located 77 feet below the
normal headwater surface devetion, and the bottom is at 135 feet below the surface. Vertica fish
digtribution studies conducted at Wdls have shown that most downstream migrants approach the dam
above the spill/turbine intake boundary (Johnson et d. 1992). Fish entering the turbine intakes tend to
travel within the upper two-thirds of the intake, and very few fish travel dong the bottom of the intakes
(Figure 3-1).

Basad on a 1991 study examining the horizontad digtribution of fish passing Wells turbines, higher turbine
passage rates occur a the east end of the dam during the spring migration period (Kudera et d. 1992).
During the summer migration period, however, turbine passage rates show no distinct pattern and instead
fluctuate across the width of the dam. Thereisno evidence to suggest that prioritizing the order of use of
Wils turbines would enhance downsiream migration.

The die digtribution of turbine passage rates measured during the spring migration period show greater
passage rates in the hours between 6 am. and noon, about twice as high as passage rates during the late
afternoon(Kuderaet d. 1992). During the summer migration period, passage rateswere greatest between
10am. and 4 p.m., and more than twice as great inthe dow period between midnight and 6 am. (Kudera
et a. 1992). It is interesting to note that the summer passage rates of subyearling summer/fal chinook
appear to be directly related to the daily discharge fluctuations at Wdls dam. This relationship may be
caused by ether passive entrainment of these fish through the project or it may be caused by a behavior
response by the fish tied to theincreased in river flow. This pattern might be related to the fact that the
bulk of the summer migrantsat Wels dam are ocean-type chinook, as opposed to the stream-type migrants
which predominate the spring run, and due to their reduced mohility, the subyeerlings may be more strongly
influenced by the flow patterns and hydraulic conditions at the project.

Survivd of juvenile fish through turbines has been generdly found to correlate with turbine operating
efficiency (Bell 1981). However, an andyss by Eicher (1987) concluded that the data set istoo smdl to
draw any direct or Satistically sgnificant relationship between turbine operating efficiency and mortdity.
Some researchers specul ate that fishsurviva is probably best at pesak turbine efficiency (Bdll 1981), while
othersbelieve that settingsbeyond the peak offer better conditions for fishpassage (Sheldon, pers. comm.,,
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19 June 1995). The federa projects on the lower

28 May 1998
22165\we\draftisec3 Page 3-14



WellsHCP  Section 3.0 Salmonid Protection Issues and Existing Mitigation Measures

Figure3-1.  Verticd digribution of chinook and sockeye from smultaneous fyke net samplesin a
bypassintake at Wells dam during spring 1985
PLACEHOLDER
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Columbia and Snake Rivers attempt to operate within 1 percent of pesk efficiency during the juvenile
migration period, but the precise benefits of operating within this range are unknown, especidly in light of
indeterminate excursions outsde of the range (NMFS 1995a).

The Kagplan turbines at Wels have high operating efficiencies over abroad flow range. The 10 unitsare
operated under joint load control; that is, the settings and resultant efficienciesare the same for al unitsthat
are operding, except during the brief periods when a unit is just coming on or off line. Based on the
immediate power demands and flow conditions at the dam, the Wdls sysemwill automaticdly adjust the
wicket gate openings and blade angles to provide the best turbine efficiency under the given conditions.
The automated settings are based on model testing information that has been verified and updated usng
the Winter-K ennedy indextesting method. Consequently, typical turbine operationsat Wellsdam maintain
high efficiencies under most conditions.

Dam Spillway Passaoe

Flow over the Wdls dam spillway may occur ether as bypass spill from operation of the smolt bypass
system, or as forced spill due to flows that exceed the 200 kcfs powerhouse capacity. Characteristics of
spill required to operate the amalt bypass systemare discussed in Section 2.4.3. I1ssues involving spillway
passage at Wells dam are related to predation in the tailrace on juveniles passing over the spillway
(addressed in Section 3.5), increases in TDG and associated GBT in juvenile migrants (addressed in
Section 3.3) direct and aswell asindirect mortality resulting from passage through the spillways.

Juvenile Bypass System

The Wdlls juvenile bypass system began full-scae operation in 1989 following nine years of research and
development. Performance criteria for the bypass system set forth in the 1990 Wells Dam Settlement
Agreament cdl for afish passage efficiency (FPE) of at least 80 percent for the juvenile sdmonid spring
migration and an FPE of at least 70 percent for the juvenile sdmonid summer migration. Fish passage
efficency isdefined asthe ratio of fishpassing through the bypass systemto the sum of fishpassing through
the bypass system and turbines (Federal Energy Regulatory Commission 1990).

The verticd digribution of juvenilesin the forebay strongly effects the fish passage efficiency of the Wels
bypass system. Hydroacoustic data collected from 1981 to 1983 indicates that 90 percent of fish
approaching the dam during the day are located above the spillway/turbine intake boundary, and that 55
percent are above during the night. Fyke nets extending the full depth of the bypass and turbine intakes
show chinook and sockeye migrants to be above the boundary 94 percent of the time duringthe day. At
night, the numbers above the boundary fdl to 80 percent and 63 percent for chinook and sockeye,
respectively (Johnsonet d. 1992). It should be noted, however, that these distribution datawere collected
prior to ingtallation of the bypass system, and that the current configuration and operation of the bypass
system could impact the vertica digtribution.
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The horizonta distributionof downstream migrants in relation to the location of bypass baffle openings will
a soimpact the fishpassage efficiency of the sysem. In a 1991 study, the spring migration period showed
higher passage ratesfor those bypass unitslocated at the west and center portions of the spillway (Kudera
et al. 1992). During the summer migration period, the bypass passage rates were again generaly higher
on the west side and center portion.

Each bypass unit at Wels has a baffle opening 16 feet wide by 73 feet high that results in an average
veocity through the opening of about 2 feet per second. The flow net associated with baffle openings has
no sharp trangtions. Thereisno evidenceto suggest outmigrating smolts strike the baffles during passage.

Once past the baffles, passage through the smoalt bypass system isidentica to passage over the spillway.
Fish which pass through Bypass Units S4, S6 or S8 exit the bypass systemviabottom spill. Bypass Units
S2 and S10 have the option of spilling over the ice and debris duice gates or using bottom spill.

Ancillary Passage Routes

Severa support functions at Wels damare supplied by reservoir water and discharge to the downstream
sde of the dam, resulting inapotentia passage route for fish to passthe dam. These functionsincludethe
gravity flow and supplemental water supplies for the fishways, atraction jet supplies, and suppliesfor the
fish pump turbines. It is estimated that these functions consume less than half of one percent of the total
project discharge. Intakes for the noted supplies are equipped with trashracks.

Caollection and Trangport of Juvenile Fish

Andternative strategy for downstream dam passage involves collecting juvenile migrants onthe upstream
sde of adam and trangporting them past one or moredamsto bereleased. Whilethis mechanism avoids
the potentia of direct impacts caused by turbine, soillway, or ancillary routes of passage, the mortdity that
results from collection and transportation must be taken into account. Erho et a. (1995) assessed the
aurviva of sedhead that were acclimated in the Methow River and then transported by truck to below
Bonneville Dam. These fish showed very high trangport benefit surviva, as evaluated by adult returns, in
lower river areas. However, the fish showed little or no net increaseinsurviva ratesand in severa cases
decreased adult survivd ratesto areas upstream of Wells Dam. Due to the observed problems of straying
and due to the lack of navigation locks in the Mid-Columbia River, barging and other transportation
activities, amilar to the onesthat occur in the Snake River, are not consdered viable mitigation options a
thistime.

The existing bypass system currently passes agpproximately 90 percent of the outmigrants (Skal ski 1993).
Barge transportation is not an option from Wells dam since there are no navigation locks a the

downstream Rocky Reach, Rock Idand, Wanapum and Priest Rapids dams.

Previous and Existing Mitigation
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The Wdls Project hasimplemented many programs to minimize and mitigate the impact of downstream
dam passage on juvenile fish migrants. These actions, described in detail in the following paragraphs,
involve the following:

. fish passage sall;

. turbine improvements and operations,
. smoalt bypass systems, and

. fish production as mitigation.

Fish Passage Spill

INn1987, by agreement of the Mid-Columbia Coordinating Committee, fish passage sill at Wdls damwas
terminated and replaced with operation of the juvenile bypass sysem (Federd Energy Regulatory
Commission1990). Water spilled for the express purpose of aiding juvenile fish passage past the damis
now associated with operation of the bypass sysem, and as such is referred to as bypassflow. Details
regarding indalaion and start-up operation of the juvenile bypass systemare described in Sections 2.3.3,
2.4.3 and 3.2.1 of this document.

Turbine Improvements and Operations

In 1981, a Kaplan turbine runner linkage falure in Turbine Unit 7 led to the discovery that the Kaplan
runner blade adjusting mechanisms at Wdls were susceptible to progressive faigue fallure. To reducethe
risk of additiond falures, the runner blades of nine of the 10 turbines were welded into a fixed postion,
resulting in reduced operating efficiencies. With aremaining design life of at least 20 years, the DCPUD
evauated severa dternativesfor the runners, induding replacement of some or dl of the runners. Beginning
in 1984, the DCPUD embarked onaprogramto design, test, and construct 10 new high efficiency Kaplan
runners with adjustable blades. The new runners were instdled between 1988 and 1990 (Pflueger, pers.
comm., 24 February 1995).

M odel tegting of the new runnersindicates a maximum efficiency of 94.6 percent at 68 feet net head, which
is subgtantidly higher than the maximum efficiency of the origina runners. The new runners o have
smaller clearances between the runner blade and discharge ring and between the hub and blades. Based
on the current understanding of causdl factors in turbine mortdity, these factors may contribute to safer
passage through the Wells turbines as compared to the original construction.

The Wdls Dam Settlement Agreement specifies that a juvenile mortdity/surviva study will be conducted.
This study would be conducted after ingdlation of the new runnersfor the purpose of determining juvenile
losses (Federd Energy Regulatory Commission 1990). A previous study that estimated turbine mortaity
at Wells was conducted in 1980 shortly before the turbine breakdown occurred (Parametrix 1986). The
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Widlsturbinesare operated using a computerized control system that automaticaly adjuststhe turbinesto
the best efficiency for any given load and head conditions.

Juvenile Bypass System

The Wdls amdlt bypass system began its formd existence in 1987 when the Mid-Columbia Coordinating
Committee agreed to replace fish passage spill with bypass system spill. In 1989, the full-scae bypass
systemwasinoperation. 1n 1990, the smolt bypass system began operating under thetermsand conditions
of the Wells Dam Settlement Agreement (Federal Energy Regulatory Commission 1990).

The design of the juvenile bypass system is based largdly on a series of studies conducted by DCPUD
between 1980 and 1989 addressing both biological and technical concerns.  The segquence of studies
followed alogicd progresson which frequently built upon the findings from previous years, as evidenced
in the following summary of study objectives (Johnson et d. 1992):

. 1980 to 1983: determine the vertical, horizontal, and diel distribution of smolts
immediately upstream of the dam and monitor run timing;
. 1983 to 1986: determine the most efficient bypass baffle configuration;

. 1986: evaduate the effects on bypass efficiency when adjacent bypass
units are operding,;

. 1987: determine the mogt effective locations for bypass units; and

. 1988 and 1989: determine the datistica relationship between passage at various
locations.

Study methodology included both fixed-location hydroacoustic sampling and direct capture of smolts by
fykenetting. Based ontheresultsof these studies, the Wells dam juvenile bypass system was designed and
ingtaled as described in Sections 2.3.3 and 2.3.4 of thisreport. The juvenile bypass system has operated
every year snce 1990 in accordance with the operational and timing criteria of the 1990 Wells Dam
Settlement Agreement. During the first three years of operation (1990 to 1992), an FPE evauation
program was implemented, again in accordance with the settlement agreemen.

Bypass flows required to operate the juvenile bypass system are noted in Figure 3-2, which presents the
average percent of flow as spill for the past five years a Wdls. Virtudly dl spill was used to operate the
bypass system, as there was no significant amount of forced soill from 1990 through 1994. The highest
bypass flows occur from April through July.
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Figure3-2.  Average percent of monthly flow spilled a Wells dam from 1990-1994.
PLACEHOLDER
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Fish Production As Mitigation

As part of the Wells Dam Settlement Agreement, the DCPUD isfunding a hatchery-based compensation
program to mitigate for fish passage losses at Wels dam, in addition to its exising Wdls fish hatchery
program. For purposesof the settlement agreement, thetotal project mortality for juvenile sdmon migrants
at the Wells Project, including both dam passage and reservoir mortality, was estimated to be 14 percent
(Federd Energy Regulatory Commission 1990). Steelhead mortdity was not pecificaly estimated in the
Settlement agreement, and the parties agreed to continue steel head production programs and plans initisted
under previous mid-Columbia settlements (Federd Energy Regulatory Commission 1990).

The amount of fish production required as compensation is determined by a formula usng a five-year
running average of adult runs by species. Since 1991, the DCPUD has been operating in Phase 1 of the
program, which establishes the following mitigation gods.

. 49,200 Ibs of stream-type chinook yearlings at about 15/1b;
. 8,000 Ibs of sockeye juveniles at about 25/Ib; and
. 30,000 Ibs of steelhead smoalts at about 6/1b.

Based on the adult run results, Phase 2 will ether expand the sockeye program or diminate sockeye
production and add production of ocean-type chinook juveniles. The compensation level may dso be
adjusted fallowing completion of a project juvenile mortdity/surviva study, to reflect the differences
between the mortdity rate developed inthe study and the 14 percent mortdity rate assumed indeveloping
origind production amounts. Adjustments may aso be made to compensate for unavoidable and
unmitigated adult losses (Federal Energy Regulatory Commission 1990).

The DCPUD began implementation of the Phase 1 production plan in 1990 with a decision by the Joint
Fisheries Partiesto conduct the steelhead program at its existing Wells fish hatchery and to construct new
facilities for the stream-type chinook and experimental sockeye programs. The Methow hatchery and its
satdlite Stes were completed in 1992 to accommodate the stream-type chinook program, with physica
fadilities that indude three adult collection Sites, a centra hatchery facility, and two acclimetion facilities.
The DCPUD dso congtructed the Cassmer Bar hatchery as an experimentd facility.

Effectiveness of Existing Mitigation

Turbine Improvements and Operations

Ingtallationof the high-efficiency turbine runnersat Wells damwascompleted in 1990, and there have been
no turbine mortdity studies conducted sincethat time. A study conducted at Wellsdam in 1980 estimated
turbine mortality at 16 percent (Parametrix 1986). Theturbine runnersin placeat that time had lower pesk
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efficdencesand larger clearances between the blade and the discharge ring and betweenthe blade and the
hub. Itisnot possible at present to provide adirect measure of the effectiveness of turbine improvements
and operations.

Juvenile Bypass System

During 1990 through 1992, the fish passage efficiency (FPE) of the juvenile bypass systemwas measured
for each spring and summer migrationperiod as specified in the Wells Dam Settlement Agreement. Each
year, the results exceeded the performance criteria of 80 percent FPE in spring and 70 percent FPE in
summer. An aithmetic average of the three years of FPE measurementsis shown below dong with the
standard errors and 90 percent confidence interval estimates (Skalski 1993) (Table 3-2).

Table 3-2. Fish passage efficiency of the smolt bypass system for spring and summer:

1990-1992.
Season Average FPE Standard Error 90% ConfidenceInterval
Spring 89.4% 3.10% 80.4% to 95.5%
Summer 89.0% 6.32% 70.5% to 100%

Source: Skalski 1993.

An arithmetic average of the annud FPES is believed to provide a more redigtic indicator of future
performance of the bypass system, ascompared to aweighted average. Theweighted average FPEswere
92.4 percent for spring and 96.4 percent for summer (Skalski 1993).

The Wdls dam juvenile bypass system is being operated in accordance with the terms of the settlement
agreement, induding the performance criteria. Lessthan 10 percent of downstreammigrants pass through
the turbines during the spring and summer migrationperiods. The smdl amount of spill used to operatethe
juvenile bypass systemat Wedlsdamhasnot beenidentified as contributing to dissolved gas supersaturation
problems below the project (see Sections 3.3.1 and 4.3.1). The system is very effective inminmizingthe
impact of downstream dam passage on migrants.

Fish Production As Compensation

The hatchery-based compensation program devel oped as mitigationfor | osses of juvenile migrantsis being
conducted as specified inthe 1990 Wells Settlement Agreement. Thefirst releases of stream-type chinook
from Methow hatchery and its associated acclimation ponds occurred in 1993. The sockeye facilities at
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the experimenta Cassmer Bar hatchery are currently in the evauation period. The programmed release
of 30,000 pounds of steelhead from Wélls fish hatchery first occurred in 1991.
Ongoing Monitoring

Wels Project Tota Mortdity/Surviva Study

This study is specified in the settlement agreement and has not yet been conducted. Results of this study
will be compared againgt the 14 percent mortality estimate assumed in the settlement agreement and may
be used to adjust the compensation leve of fish production.

Annua Passage Monitoring Plan

Each year the DCPUD devel ops a plan for monitoring juvenile fish passage and presents it to the Wdls
Project Coordinating Committee for review and goprova. The plan includes development of indices of
relative fish abundance on a daily basis during seasona migration periods and provides annua estimates
of juvenile migrant production. These items are used to guide decisons regarding operation of the bypass
systemand to eva uateadjustmentsto the hatchery-based compensationleves (Federal Energy Regulatory
Commission 1990).

Spoillway Passage Conditions

Safe conditions for pillway passage are monitored through a dissolved gas monitoring program.  Further
details of this program are provided in Section 3.3.1.

Production Plan Evauation

The DCPUD is funding the Joint Fishery Party (JFP) to develop and conduct studies to evauate the
effectiveness of the hatchery-based compensationprogramand the associ ated productionplan. Thestudies
will meet standards devel oped for smilar efforts under the NPPC's Columbia River Basin Fishand Wildife
Program. Studies anticipated as part of these efforts include the following (Federd Energy Regulatory
Commission 1990):

. Marking of juvenile fish and recoveries of juvenile and adult fish to estimate parameters
such asfish hedth, fishery contribution and survivd;

. determination of the success to produce the intended compensation levd;
. evauations of modifications to the production plan, if such modifications are
28 May 1998
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approved by the Joint Fishery Parties; and
. andysis of annud fish production and adult contribution to harvest and escapement.
3.2.2 Downstream Reservoir Passage

Adverse effects of reservoirs on outmigrating juvenile sdlmonids are thought to be muchlessof an influence
thanpassage issuesat dams. Iwamoto et a. (1994) and Muir et d. (1995) indicated that virtudly dl of the
mortaity measured in the maingem Snake River was attributed mainly to fish passng through the
hydrod ectric structures and that the reservoirs themsdlves were quite benign.

Reservoir impoundment can create increased rearing area and provide overwintering habitat for juvenile
anadromous sdmonids. It can dso affect the outmigration of anadromous sdmonid juveniles by causng
residudization, extended travel times and decreased surviva rates. The use of the term "extended travel
times' refers to dower rates of travel by outmigrating juvenile anadromous salmonids.  Juveniles, when
exposed to extended travel times and increased water temperatures, can residudize (become residents)
and fal to migrate to the ocean. The following section describes background information on reservoir-
related effects of delay and mortdity. Information on predation, amgor cause of mortdity, is covered in
Section 3.5 of this document.

Extended Trave Time

Raymond (1968, 1969, 1979) and Bently and Raymond (1976) estimated that juvenile anadromous
sdmonids move through the Snake River and lower Columbia River impoundments one-hdf to one-third
dower than they would through free-flowing river sections of the same length.  According to Raymond
(1979) juvenile steelhead and chinook migrate through free-flowing stretches of river & 14 milesper day,
while they move through impounded waters at 5 miles per day. Fielder and Peven (1986) found smilar
rates (3-6 milesper day) for stream- and ocean-type chinook and steelhead juvenilesinthe mid-Columbia
reservoirs.

The rapid flushing rate of Wells reservoir gppears to influence juvenile migration, and average reservoir
migration time through Wells reservoir appears to be rapid. Movement from the mouths of respective
tributaries through Wdls reservoir takes only 1 to 2 days for dl species. Stream-type chinook salmon
released from Winthrop take 2 to 7 days, steelhead from 15 miles up the Methow take 2 to 3 days and
sockeye released 1 mile up the Okanogan take 1 to 2 days to reach Wells dam. The median migration
speed of ocean-type chinook salmon at Wdls fish hatchery arriving at McNary dam ranged from 4.4 to
10 miles/day from 1984 to 1992 (Chapman et d. 1994b).

Berggrenand Filardo (1993) found travel time through the mid-Columbia reach was related to prevailing
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river discharge volume and water temperature. Travel time decreased astemperaturesincreased at afixed
flow volume. The predicted average water particle travel for the entire 142 miles of the mid-Columbia
reach is 8.6 days, or about 16.5 miles per day. Although severd studiesindicated that weater velocity is
aprimarydeterminant of juvenile migrationspeed (Smith 1982; Buettner and Brimmer 1995; Berggrenand
Filardo 1993) other studies suggest factors other thanflow may be affecting the dynamicsof out-migration
(Achord et a. 1994; Beeman and Rondorf 1992; Mains and Smith 1964; Chapman et d. 19944a).

Smsand Ossiander (1981) reported stream-typechinook and steelhead surviva improved withincreasing
flow through the lower Columbia and Snake River impoundments. However, there is little evidence to
suggest that increased flowswill increase survivd in the mid-Columbia. Thisis particularly true for ocean-
type chinook sdmoninthe mid-Columbia (Chapmanet d. 1994a). Chapman et d. (1994b) measured the
travel time and migration speed of freeze-branded subyearling chinook traveingfromthe Wedlsdamtailrace
to McNary dam. They found no obviousréationship between migration gpeed and prevailing flow volumes
over abroad range of flows.

Ddayed Migration

Increase migration times can affect the sze and survivd rae of juveniles, timing of ocean trangtion and
thermd imprinting. Increased migration times can cause migrating juveniles, especidly stedhead, to revert
to parr. Laboratory evidence suggests that water temperatures in excess of 20°C for about 20 days, or
delaying migration beyond the end of June, may cause steelhead smoltsto revert to parr (Chapman et al.
1994b; Adams et d. 1975; Wagner 1974; Zaugg 1981). Some reverted parr residualize and arelost to
anadromous production.

According to Poe (1992) the primary mechanism responsible for juvenile mortality associated with
downstream reservoir migration is predation by piscivores. Migrational delay due to reservoir effects
increases potentia exposuretime to predatory fish, particularly for ocean-type chinook salmon (Chapman
et a. 19944). Attempts have been made to apportion juvenile downstream migration mortality between
dam and reservoir passage. Chapman et d. (1994a) Sate that reservoir-passage mortdity for juvenile
stream-type chinook has been estimated at 5 to 10 percent, and that the mgjority of reservoir-related
mortality appearsto occur in the downstream vicinity of dams where predatory fish congregate. Muir et
d. (1995) edtimated total passage surviva to be 92 percent from Silcott Idand, upper Lower Granite pool,
to thetallrace of Lower Granite Dam; 82 percent fromthe tailrace of Lower Graniteto the tailrace of Little
Goose Dam; and 88 percent from the tailrace of Little Gooseto the tailrace of Lower Monumental Dam.
The authorsdid not attempt to apportionstream-type juvenile downstream migration mortdity betweenthe
damand reservoir. However, this Snake River work indicates that reservoir-passage mortality of stream-
type juveniles may be much lower than previoudy estimated. Predation-related mortdity of juvenile
migrants is addressed in greater detail in Section 3.5.
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Surviva

Juvenile surviva through Wels reservoir has not been directly assessed to date, and there is little
information on the relative impacts of interrelated factors such as delayed migration, resdudization and
predation-related mortdity. McKenzieet a. (1984a, 1984b) conducted amultiple-year study to estimate
the survivd of saring chinook migrants through the mid-Columbia River reach (Table 3-3). Meansurvivd
estimates from Pateros to the Priest Rapids dam tailrace in 1982 and 1983 were 44 percent and 45
percent, respectively. Thesingleproject survivd ratefor Wells, Rocky Reach and Rock Idand dams, was
88 percent in 1982 and 83 percent in 1983, assuming survival associated with each of these three projects
is congtant (Table 3-3). Reservoir mortality could not be separated from direct and indirect sources of
mortality through this section of river for the two years studied.

Table 3-3. Summary gatigtics for system-wide and single-project surviva rates.

Survival Rates (%)}

River® Section Mean Std Error? Var?® 95% C.I. Single Project* Avg.
Pateros to RI? 64.04 428 50.41-77.67 86.83

Paterosto RI® 59.85 0.0090 51.00-68.69 84.27 85.6
RI to PR? 64.52 6.09 45.16-83.89 83.27

RI to PR® 75.21 0.0021 72.59-77.83 86.72 85.0
Pateros to PR? 44.12 1.87 38.13-50.06 NA

Pateros to PR® 44.92 0.0058 38.92-50.92

'Rl = Rock Island, PR = Priest Rapids, Pateros is about 0.6 miles up the Methow River
2 Data from McKenzie et d. (1984a)

3 Data from McKenzie et al. (1984b)

4 Assuming equal mortality associated with each project
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3.3 WATER QUALITY
3.3.1 Dissolved Gas Supersaturation
Existing I'ssues

Totd dissolved gas (TDG) supersaturation is a condition that occursin natural waters when atmospheric
gasesareforced into solutionat pressures exceeding the pressure of the over-lying atmosphere. Columbia
River TDG supersaturation often occurs during periods of high runoff and il at hydropower facilities,
primarily because spill in deep tailrace pools can cause Sgnificant entrainment of gases during deep plunge
and turbulence of the water. Total dissolved gas supersaturation conditions can persst and accumulate
through the mid-Columbia River reach, sncethe reach consists of relatively cam pools behind each dam,
providing less effective disspationthannaturdly turbulent river systems. Fish and other aguatic organisms
that are exposed to excessve TDG supersaturation can devel op gas bubble trauma (GBT); aconditionthat
is harmful and often fatd.

Totd Dissolved Gas in the Vicinity of the Wells Project

Totd dissolved gas supersaturation is monitored at the Wells Project as part of the Columbia and Snake
Rivers Dissolved Gas Monitoring Program conducted by the USACE (1994). Monitoring occurs during
the fish migration season, April through September. Data are collected every hour and transmitted every
four hoursviasatdliteto the USA CE North Padific DivisonHeadquarters. These dataare thencompiled,
aong with pertinent flow, soill and water temperature information, and posted on the Columbia River
Operationa Hydromet Management System (CROHMS). The CROHMS is used for red-time review
by authorized users and potentid system spill adjustment recommendations.

Total dissolved gas at Welsis monitored in the forebay of the project. Data have been collected since
1983 at the Wdls forebay station by the DCPUD (U.S. Army Corps of Engineers 1994). Dally average
TDG measurements at the Chief Joseph, Wells and Rocky Reach dam forebay monitoring stations from
1984 to 1994 generdly exceeded 100 percent and, therefore, were consistently in a supersaturated
condition during the April to September monitoring period. In generd, daly average TDG leveds most
commonly ranged between 105 and 112 percent during 1984 to 1994 (U.S. Army Corps of Engineers
1994). Themaximum observed TDG levelswere 125 percent, 126 percent and 132 percent, respectively,
at the Chief Joseph, Wdls and Rocky Reach dam forebay stations. Such maximum levels could cause
serious GBT effects depending on duration, species/life stage differences and other conditions, such as
depth and water temperature (Ebel et a. 1975).

Tota dissolved gaslevesat Wels damare primarily determined by TDG levelsinwater passing from Chief
Joseph dam. Correation of TDG data from the Chief Joseph and Wells forebay stations indicates that
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TDG leveds a the two Stes do not differ sgnificantly (U.S. Army Corps of Engineers1992, 1993). This
suggests that TDG is nether Sgnificantly increased nor disspated from spill at Chief Joseph dam and
subsequent flow through Wdls reservoir. Spill a Wells dam appears to increase TDG somewhat. An
examination of daly TDG in1994 fromthe Wédls and Rocky Reach forebays indicates that an increasein
TDG occurred at timesbetweenthe stations, particularly during periods of rdatively high sill at Wells dam
(Figure 3-3).

Evidence of GBT in the Vicinity of the Wells Project

Site-gpecific monitoring in the vidnity of the Wells Project to date has suggested that the incidence of GBT
has been minor. The DCPUD co-sponsored astudy of GBT symptoms on fish in the five mid-Columbia
project pools during the 1974 spill season of May-August (Dell et d. 1975). Tota dissolved gas leve
during the study averaged about 119 percent (rangesfrom 112% to 131%) in the Wedls forebay and about
120 percent (ranges from 111% to 132%) in the Rocky Reach forebay. Chief Joseph dam spilled an
average of 38 percent of totd river flow during the study (April through August 1974) up to a maximum
of 56 percent of total river flow during June (U.S. Army Corps of Engineers 1995d). All fish were
examined externdly for gas bubbles under the skin, in the fins, on the body and in the mouth and eyes.
Evidenceof GBT was observed in 2.8 percent and 3.6 percent of the fishexamined inthe Wells and Rocky

Reach poals, respectively.

Information on the depthdistributions of migrating sdmonidsat the Wells Project are described in Section
3.2. Juvenile sdmon that migrate in deep water and then move rapidly toward the surface are more
susceptible to GBT in waters with high TDG supersaturation (Ebel et d. 1975). Totd dissolved gas
supersaturationhas aso been known to cause adult delay at the fishways at other Columbia River projects
(Ebd et d. 1975).

Project-specific Measures for TDG Supersaturation Abatement at Wells

No project-gpecific measures have beeninitiated for TDG supersaturation abatement at Wells. The 1994
DFOP, which includes comprehensive recommendations for operation of Columbia River maingem
projects for protection and enhancement of fish resources, provided a generd system-wide strategy for
TDG supersaturation management.  The DFOP recommends managing spill by monitoring TDG
supersaturation and possible related GBT symptoms in juvenile and adult sdmonids during migration
periods. Dissolved gas management and control at Wells are provided by DCPUD criteriaand will result
in spill requests derived from TDG monitoring at the Wells forebay, the observed condition of migrant
juveniles and adults and juvenile passage monitoring data. The DCPUD did not provide specific project
operaing criteria for, and are not bound by, the terms and conditions contained in the 1994 DFOP.
However, the DCPUD does participate inthe system-wide strategy for TDG supersaturation management
and abatement. Spill request management guidelines are described in more detail in Section 2.4.4 of this
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document.
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Figure3-3. TDG a Wdls and Rocky Reach forebays, and soill at Wels dam during April to
September 1994
PLACEHOLDER
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Effectiveness of Current Measures

No project-specific TDG supersaturation management measures have been required to date at Wells,
except for TDG monitoring. The Wells Project does not appear to contribute to an increase in TDG
supersaturation during periods of low to moderate levels of sl at the dam. The effectiveness of TDG
supersaturation-management under high levels of spill a Wells dam cannot be measured, since sill levels
during the juvenile migration period have been low to moderate Snce 1983,

Current operations are consdered effective at avoiding Sgnificant increases in TDG and GBT incidence
inthe project area. Reasons for this effectiveness are due to key features of the project's hydrocombine
Sructure and operation, including:

. Wils has less frequent and lower amounts of spill than at conventional projects (see
Section 2.4.1). Theproject isvery effective a passng smolts at relatively smal amounts
of Fill (see Section3.2.1). Since TDG isrelated to the magnitude of spill, lower amounts
of spill a Wels minimizesincreasesin TDG.

. The project hasardativey high spillway discharge per unit width. All of the spillway gates
release water through the bottom near tailrace devation leve. The spillway has an ogee
design with a saillway crest that is only 5.5 feet above norma tailwater elevation (see
Section 2.3.1). These design features hep keep pillway discharge turbuence at the
surface, and avoid deep plunge and gas entrainment that can cause high TDG levels.

Ongoing Monitoring Efforts

Tota dissolved gas monitoring occurs in the Wells dam forebay, the Chief Joseph dam forebay and the
Rocky Reachdamforebay. Other pertinent information are also monitored, including water temperature,
turbidity, tota river flow, turbine discharge and spill discharge. It is intended that the TDG monitoring
programbe somewhat adaptive, i.e., additiona coverage and types of data may be warranted as ongoing
informationis obtained and andyzed. Also, the onset and effects of GBT are fill incompletely understood
and remain controversd. Adjusmentsto ongoing monitoring and spill management guideines could occur
pending further biological and physica findings into GBT causes and effects.  Juvenile sdmonids are
routindy monitored for externa GBT symptoms as part of the Fish Passage Center's Smolt Monitoring
Program at sdected Snake and Columbia River dams, but only at Rock Idand damin the mid-Columbia
region.
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3.3.2 Water Temperature
Existing I ssues and Concerns

The potentid effect of dams onwater temperatures onthe Columbia River depends on the extent of river
impoundment and regulation at hydropower facilities. Such regulation can dter the natura heating and
cooling of the river, subsequently affecting sdmonids incidence of disease, timing of migrations, maturation
of spawners, time of incubationand hatching, and levels of dissolved oxygen and TDG (Bonneville Power
Adminigtration et a. 1994a; Chapman et d. 1994a; Dauble and Mudller 1993).

Water Temperature Conditionsin the Vicinity of the Wells Project

Water temperaturemonitoring has been conducted from 1984 through 1994 by the DCPUD inconjunction
with TDG monitoring at the Wels facility. Aswith the TDG data, water temperature data are obtained
fromapproximately April through September each year. Water temperature and TDG data are collected
manually every four hours and transmitted via teletype to the USACE CROHMS database.

Data collected at the Wells forebay station may not accurately reflect the water temperature of the entire
volume of water passing the Wells dam. The temperature probe is stationary so the depth below the
surfacevarieswiththe elevationof the pool. Because somewarming of thesurfacelayer islikdy, especidly
near the dam, this fluctuationinthe water surface e evationmay result in temperature measurements higher
than the mgority of the water passing the Wells dam (Parker, pers. comm., 27 January 1995).

Water temperature at Wells damforebay during 1994 is presented inFigure 3-4. Water temperature does
not gppear to substantialy increase from Chief Joseph damto Welsdam (U.S. Army Corps of Engineers
1993). Comparison of water temperatures recorded at Chief Joseph dam and Wells damduring the last
11 years indicates that water can either warm or cool between the two fadlities (U.S. Army Corps of
Engineers 1993). Water temperatures at the Welsforebay can exceed 18°C during July, and amaximum
of about 20°C isreached in August and September. The maximum water temperature recorded, 22.3°C,
occurred during August 1984 (U.S. Army Corps of Engineers 1993). By comparison, summertime water
temperatures at Chief Joseph dam aso commonly exceed 18°C and usudly are within afew tenths of a
degree of the temperatures at Wells (U.S. Army Corps of Engineers 1993). Furthermore, temperatures
measured at Chief Joseph are occasiondly higher than at Wells. A maximum temperature of 23.0°C was
recorded during August 1984 at Chief Joseph dam (U.S. Army Corps of Engineers 1993).
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Figure3-4.  Water temperature measured in the forebay of Wells dam in 1994
PLACEHOLDER
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Thelack of a congstent thermal effect between Chief Joseph dam and Wells dam suggeststhat substantial
heat exchange does not occur aswater travels through Wellsreservoir. Asarun-of-river reservoir, Wells
reservoir has arapid flushing rate, ranging from hours to afew days.

Reservoirs with rapid flushing rates have a modtly river-like character, including wesk and intermittent or
non-exisent therma dratification (Johnson et d. 1978; Kimmel and Groeger 1984; Cox 1984). In
addition, rapidly flushed pools oftendo not permit substantia heat input and concomitant water temperature
increases in pool outflow.

Evidence of Effects on Sdmonids in the Vicinity of the Wells Project

Currently no problems associated with water temperature are being observed at the Wdlsfadility (Hevlin,
pers. comm., 27 January 1995; Woodin, pers. comm., 26 January 1995). The WDOE segment of the
Columbia River affected by the Wells facility (Chief Joseph damto Priest Rapids dam) isnot on the Clean
Water Act Section 303(d) lig as being water qudity limited for temperature. However, EPA has cited
water temperature as a concern from Bonneville dam to Chief Joseph dam (Bonneville Power
Adminigrationet d. 1994a). Monitoring datafrom themid-ColumbiaRiver reach near Wedlsdamindicate
that water temperatures commonly exceed the 18°C water temperature stlandard during July, August and
September. Moreover, water temperatures measured at Wells dam have exceeded level sshown to cause
delays in upstream migration and have exceeded criteria set by the NPPC for some species (Table 3-4).

Table 3-4. Water Temperature criteriafor sdmon and steelhead (°C).

Species ;?;i;?g; Spawning Incubation Preferred  Optimum tjgtiz
Chinook
Fall (ocean-type) 11-19 6-14 5-14 7-14 12.00 25.00
Spring (stream-type) 3-13 6-14 5-14 7-14 12.00 25.00
Summer (ocean-type_ 13-20 6-14 5-14 7-14 12.00 25.00
Steelhead - 4-9 - 7-14 10.00 24.00
Sockeye 7-16 11-12 - 11-14 - -

Source: NPPC 1992a
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Some problems associated with high water temperatures have been observed in the past. High water
temperatures in the spawning channd (see Section 2.3.4 for a description of this facility) caused pre-
gpawning mortaity of adults and post-spawning mortaity of eggs (Woodin, pers. comm., 26 January
1995). Water for the spawning channe was taken directly from the Wells forebay. These
temperature-related problems were amgor cause of the fallure of the spawning channel.

Mitigation and Monitoring M easures

No mitigation has been directed specificdly toward deding with any water temperature problems.
However, monitoring is conducted annudly by the DCPUD in conjunction with the dissolved gas
monitoring as described above.

The potentid for improving water temperatures within the mid-Columbia River reach, induding in Wells
reservair, is limited. Augmentation releases in the summer from Lake Roosevelt at Grand Coulee dam
could perhaps decrease water temperaturesinwatersflowing into Wells reservoir. Lake Roosevdtislarge
and deep enough to dratify and provide a source of cold water during summertime. However, Grand
Coulee does not currently have sdlective withdrawal capability to release waters at depth from Lake
Roosevelt to reliably accomplish decreases in water temperature (Bonneville Power Adminidtration et d.
199%4a).

Effectiveness of Mitigation

For sdmonidsor other aguatic plantsand animas, no obvious effectsdue to water temperature have been
observed a Wells dam. However, within the Columbia River adverse effects of high water temperatures
have been noted for sockeye in the Okanogan River upstreamof Wells dam. Within the river, no effects
(e.g., mortdities and reductions to spawning success) have been observed, athough such effects are
difficult to document. In addition, no effects have been observed a Wells while temperature-related
problems have been observed at other facilities on the Columbia and Snake Rivers during the same time

period.
3.4 RESERVOIR PRODUCTION

Creationof Wdlsreservoir in 1967 impacted potential spawning and rearing fishhabitat ina30-mile reach
of the Columbia River. Inundation of theriver created apool with dower vel ocitiesand greater depthsthan
present under free-flowing conditions. The effect of these physical changes on the fish community in the
mid-Columbia reach varies by life stage and species.
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3.4.1 Spawning Habitat
Existing Concernsand I ssues

The Wdls Project reach primarily supports rearing and limited spawning of the fal component of
summer/fl chinook. The project reach aso serves as a migration corridor for other species of
anadromous fish. Prior to inundationof Wells pool, Meekin (1967) documented spawning of chinook in
the Columbia River, primarily between Brewster and Washburnidand on Buena Bar where groundwater
upwelling occurred. He aso noted chinook spawning to depths of 30 feet at and around Bridgeport Bar
and WashburnIdand and shdlowareasbel ow Chief Joseph dam. Shortly after pool development, Meekin
(1967) indicated that mainstem spawning may have continued inthe Brewster Bar area. Other surveyors
have suggested that potentiad spawning occurs near Bridgeport Bar, Washburn Idand, in areas of
subgtantia groundwater upwelling in the pool (Hillman and Miller 1994; Chapman et d. 1994g
Stuehrenberg et d. 1995), and they have documented spawning in the Wdls tallrace (Giorgi 1992).
Members of the Colville tribe have dso noted some deep water spawning activity near Washburn Idand
(Bickford 1994). Fdl chinook samon have been found to spawn in degpwater reservoir habitat inthemid-
Columbia River (Meekin 1967; Chapman and Welsh 1979; Giorgi 1992; Dauble et a. 1994).
Stuehrenberg et d. (1995) last recorded 18 percent (7 of 40) of the adult fall chinook passng Wells dam
in the Bridgeport Bar area. It is possible some or dl of these fishused Wdlls reservoir for spavning. One
adult was lagt tracked in the Okanogan River mouth, and may have spawned there. Four adults were
tracked to the Chief Joseph dam tailrace (two were caught inthe fishery there), and sevenadultswere last
tracked inWdIsreservoir, near Wells dam (Stuehrenberget d. 1995). Itisunknown whether or not these
adults spawned successtully.

Fal (ocean-type) chinook sdlmon spawning inthe tailrace of Wels dam has beenwel documented (Giorgi
1992; Peven 1992). Peven (1992) summarized aerial redd surveys for the areafromRocky Reach dam
to Wells dam; redd counts are highly variable, and range from zero in about hdf the years to amaximum
of 302 for the period from 1956 to 1991. The WDF (now part of WDFW) firgt observed sx fal chinook
reddsinthe Wdlstallracein 1967. Surveys observed between six and 57 reddsinthe Wedls tailracefrom
1967 until 1973 (Peven 1992). The resppearance of spawning chinook adults in the Wells tailrace area
coincided with the discontinuance of trapping operations a Rocky Reach dam for the spawning channe
(Chelan County Public Utility Didrict 1991c). After 1973, redd counts below Wells dam decreased,
ranging fromzero to threereddsper year until 1987. Since 1987, fal chinook redds have been cons stently
observed with peak counts exceeding 100 per year (Peven 1992).

The two mgor tributaries to Wdls reservoir, the Methow and Okanogan Rivers, both contain suitable
gpawning habitat. Little potential spawning habitat isavailableinthesmaller tributaries. Mot of thesmaller
tributaries flow only during precipitation events or transport irrigetion return-flows during the irrigation
Season. Adult spring, summer and fal chinook are known to spawn only inthese two tributariesto Wells
reservoir.
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Tributary Bedload and Fine Sediment Deposition

No data about deposition of fine sediment in Wells pool are available. 1t is likely that smoothing of the
hydrograph and lack of sgnificant reservair fluctuation have increased the amount of fines present inthe
substrate, especidly in the lower portion of the reservoir. Suspected mainstem spawning by fal chinook
sdmon is concentrated between Washburn Idand and Chief Joseph dam primarily because the river
hydraulicsare sufficient to maintainwell-sorted substratesrd atively freeof fines(Bickford 1994). Tributary
inflow into Wells reservoir is limited primerily to the Methow and Okanogan River drainages. Alluvid
deltas have formed at the confluence of the Methow and especidly the Okanogan Rivers. Fine sediment
loading in both thesetributariesis considered high, dthough the fine sediment load in the Methow River is
less than in the Okanogan River. The dluvid fan a the mouth of the Okanogan River is comprised of
maostly medium- to fine-grained sand and st (Rensd 1993). The deposition area is regarded by some
researchers as a mud flat (Bickford 1994). The area near the mouth of the Methow is composed of
coarse-grained sand (Rensel 1993).

Because the mgority of suspected fdl chinook sdmon spawning Stesinthe reservoir are located upstream
of the Okanogan River, changes in sediment deposition near tributary junctions will not decrease the
exisinggpawningproductionpotential. Deposition of tributary bedload could provide asource of substrate
for potentia spawning habitat near the mouths of tributaries but such increased spawning has not been
documented inWelsreservoir. Irrigation return flow in the smaler tributaries occurs from March through
October and primarily transports fine sediments to Wells reservoir.

Previous and Existing Mitigation M easures

Exigting mitigation for losses of maingem spawning habitat due to inundation by Wells reservoir has been
dipulated in the Wells project operating license No. 2149. The agreement specifies hatchery fish
production to compensate for spawning losses (see Section 2.3.4).

Effectiveness of Existing Mitigation M easur es

Section 3.6 discusses the effectiveness of exising hatchery-based mitigation for spawning or spawning
habitat losses due to the existence of the Wedls Project.

Ongoing monitoring

No ongoing monitoring of spawning or spawning habitat is conducted in the Wells Project area.
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3.4.2 Rearing Habitat
Existing | ssues

Resarvoir Conditions

The Wdls Project area includes the tailrace, extending approximately 1,000 feet below Wells dam, and
Wilsreservoir (Lake Pateros), a 30-mile long reservoir upstream of Wells dam. The upper end of the
reservoir extendsto gpproximately 2,000 feet below Chief Joseph dam. The lakehasatota surfacearea
of 10,280 acres, a volume of 350,000 acre-feet, and an average depth of 34 feet. Water temperature
ranges from just above 0.6 to 20°C, and the pool does not thermaly sratify during summer due to its
relatively high flushing rate. Wells reservoir dso has the third highest flushing rate of the mid-Columbia
reservoirs (Zook 1983). Although Wells reservoir has 100 miles of shoreline, most of the shordine is
steep, and the proportion of littord area in the reservoir is amdl in comparison to its Sze. Due to the
presence of anumber of idands and inundation of two mgjor tributary mouths, the ratio of shordine length
to reservoir length of 3.3:1 is the highest of the mid-Columbia reservoirs. Rapid water exchange, a
relatively featureless shordine and lack of riparian habitat severdy limit juvenile sdmonid rearing. Although
there is anabundance of rocky and rip-rapped shordine areas, thereislittle backwater habitat suitable for
warmwater species, withthe exception of the mouth of the OkanoganRiver. The mgority of the reservoir
shordine remains undevel oped, but riparian habitat adjacent to the reservoir is sparse.

Factorswith the potentid to affect the rearing capacity of the reservoir indudeitsflushing rate, the therma
regime, the degree of primary and secondary productivity, the level of submerged macrophyte growth,
deposition of fine sediment, benthic organic matter, water quaity conditions and fluctuating water levelsin
the reservair. Very little information specific to Wells pool regarding these factorsis available.

Reservoir FHushing and Turnover Rate

Water retention time, or flushing rate, of Wells reservoir ranges from 14 hours during spring runoff (June)
to approximately 4.6 days in February, with an annua average turnover rate of 2.5 days. This water
turnover rate is considered rapid in comparison to lower maingem and mid-Columbia River reservoirs,

Nutrients, Aquatic Productivity, Zooplankton Abundance

No specific information related to productivity of Wells reservoir isavallable. Most of the primary and
secondary production potential inthe mid-Columbia region, however, is generated from upstream sources
due to the dow turnover rate, large storage capacity and source of nutrients. Lake Roosevet (upstream
of Grand Coulee dam) isthesnglemostimportant factor influencing aquatic productivity inthe downstream
PUD reservoirs (Rensel 1993).

The therma regime of the mid-Columbia River is aso influenced by realeases from Grand Coulee dam,
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which has the largest storage capacity of any reservoir on the U.S. portion of the Columbia River sysem.
Lake Roosevdt exhibitsstrong thermad dratification during summer months. Since Grand Coulee dam is
not equipped with sdective depth-withdrawal fadilities, downstream water temperatures are heavily
dependent on the depth of the Lake Roosevelt thermocline.

The flow-through characterigtics of the mid-Columbia dam reservoirs result in primary productivity being
largely dependent on detritus, sessile (attached) dgae and macrophytes (Mullan1986). Theturnover time
of water in the poadl istoo short in summer to permit development of extensive and diverse zooplankton
communities. Therefore, productivity may limit available prey items for juvenile anadromous sdmonidsin
the mid-Columbia reservoirs (Rondorf and Gray 1987).

Submerged Macrophytes

Submergent aquatic plants are abundant in Wells reservoir. The benthic community in these submerged
macrophyte beds is probably increasng as riverine macrophytes effectively create their own substrate.
Subgtrate is created by velocity reduction and subsequent particle trapping which encourages settling of
organic-rich soils (Falter et d. 1991). In the area upstream of Brewster, reduced current velocity and
substrate type encourages the growth of macrophytes. Eurasan watermilfoil (Myriophyllum spicatum)
is found there (Rensd 1993). Macrophyte beds eventudly increase the production of benthic food
organisms, and provide surfaces where algae and invertebrates will live. They may aso provide cover for
rearing juvenile salmonids and other fish species.

Huctuating Water Levesin Wdls Resarvoir and Potentid for Fish Stranding

Wedlsreservoir generdly consists of steep morphologiesaong the river margins withlimited backwater and
shdlowareas. The areas around the tributary confluences and near idands offer the greatest potentia for
granding fish. No studies or evidence of stranding fish are avalable for Wdlsreservoir. Daly drafting of
up to severa feet at Wels dam is a relatively dow process and does not represent a large stranding
concern for juvenile fishes.

Depodition of Tributary Bedload and Fine Sediment, Rearing Effects

Reduction of peak flows and lack of sgnificant water leve fluctuation in Wells reservoir have probably
increased the amount of fines present in the cobble substrate, especidly in the lower portion of the
reservoir. Substratesare till cleansed to alimited extent between Washburn Idand and Chief Josegph dam
(Bickford 1994). Rearing habitat for most mid-Columbia fishesmay be concentrated in the upper section
of the reservoir primarily because of the availability of shalow water habitat and substrates free of fines.

Water Quality
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There is no indication that the Wells Project is having an adverse effect on water quality parameters that
would reducethe reservoir rearing productionpotential. See Section 3.3 of this document for discussons
of water qudity in the mid-Columbia River and its effects on rearing habitat.

Status of In-Stream Rearing in Wells Reservoir

The importance of maingtem reservoir habitat for rearing of mid-Columbia fishes varies by species. Itis
generdly believed that stream-type migrants tend to migrate rapidly through the reservoir in mid-channd,
exhibiting little or no reservoir rearing time (Ledgerwood et d. 1991b; Zook 1983).

Ocean-type chinook saimon use nearshore littoral habitat in the reservoir for rearing for a much greater
period of time than stream-type migrants (Chapman et d. 1994a; Burley and Poe 1994). Chgpmanetd.
(19944) cite hydroacoustic and fyke net data that showed high ocean-type chinook juvenile passage rates
a Wdls dam beginning in late June and continuing through early August in most years. No specific data
regarding ocean-type chinook rearing in Wells reservoir have been collected to date. Chapman et a.
(19944) cites use of "more open water (deep pools), near woody debris wherever it was available, and
close to boulder rip-rap a the stream margins' by ocean-type chinook juveniles in the Wenatchee,
Methow, and Okanogan Rivers from July through September. 1t would be expected that ocean-type
chinook juveniles rearing in Wells reservoir would seek amilar habitat.

Ocean-type chinook salmon juveniles use the manstem reservoirs for rearing in late spring and early
summer (Chapmanet d. 1994a; Burley and Poe 1994). Recently emerged ocean-type chinook juveniles
rear throughout the shdlow, low veocity areas of the reservoirs in April and May. After reaching
goproximately 50 mm in size, they move dightly offshore into faster flowing water and typicaly establish
feeding territories dong the river bottom (Campbell and Eddy 1988; Rondorf and Gray 1987; Hillman et
d. 1988; Chgpman et d. 19944). Chinook may sight feed on limnetic species when available, but prefer
benthic macroinvertebrates in the drift when rearing (Chapman et d. 1994a). Based on these criteria, it
appearsthat most suitable chinook rearing habitat is found inthe upstream portions of the reservoirs, where
river velocities are greater and the substrates area coarser (less fine sediment) than downstream in the
reservoirs. However, no surveys have been done in the mid-Columbia reservoirs to determine habitat
preferences and rearing aress of ocean-type chinook salmon.

Ninety percent of the steelhead rearing production occurs in hatcheries (Chapman et d 1994c). The
bal ance of the rearing productionoccursinthe tributaries, dthough some minor amount of reservoir rearing
may occur during overwintering.
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Although sockeye could concelvable rear inthe reservoirs, the rapid flushing rate, low primary productivity
and lack of abundant zooplankton limit production potentia. The Wells pool may be a source of rearing
habitat for the smdl but sustained run of Methow River sockeye (Bickford 1994; Chapman et a. 1995hb).

Previous and Existing Mitigation M easures

Ful and complete mitigation for dl spawning and rearing habitat modifications due to reservoir
impoundment at the Wells Project has been made through the FERC project license and in the 1990
Settlement Agreement (Federal Energy Regulatory Commission 1990). The license articles include
hatchery-based mitigationfor assumed reservoir losses. According to theagreements, thelossof spawning
and rearing habitat has been fully mitigated by hatchery production.

Ongoing Monitoring
Thereisno current or proposed monitoring of rearing habitat in the Wells Project reach.
3.5 PREDATION

The fallowing section describes the risk of juvenile outmigrant mortality due to predation at the Wells
Project and DCPUD efforts designed to improve outmigrant surviva. Discussion of potentia predation
on juvenile outmigrants a the mid-Columbia PUD projectsinvolvesuse of the terms tallrace, forebay and
mid-reservoir areas. Throughout the HCP project document, the term forebay and mid-reservoir refer to
areas upstream of the project dam. Tailracewill refer to the areaimmediately below the project dam. For
ingtance, the Wels tailrace area is located immediately below the Wells dam at RM 515 and extends
downstream for gpproximately 1,000 feet. The boat-restricted zone (BRZ) refers to areas above and
bel ow the dam where conditions present a danger to recreational boaters.

3.5.1 Statusof Predator Populations
Northern Squawfish

Northern squawfish, alarge, native predatory fish are abundant in the Wells Project area and are under
congderation as a potentidly dgnificant source of juvenile outmigrant mortdity. In a 1993 survey
conducted by the WDFW to assess the significance of predation, 337 northern squawfishwere captured
over 12 days of sampling a Wdls (Burley and Poe 1994). Northern squawfish accounted for
approximately 95 percent during the spring sampling period and 84 percent during the summer sampling
period of dl predators caught inthe Wdls damproject area(Table 3-5). In astudy conducted from 1983
to 1986 at a lower Columbia River dam, salmonids accounted for 21 percent of the diet of 300 mm
northern squawfishand 83 percent of the diet of larger squawfish(Poeet d. 1991). The Sze of sdmonids
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consumed by northernsquawfish aso increases progressively with the sze of the squawfish. Thenorthern
squawfishcaught by the WDFW at Wells averaged 332 mm in length. Squawfish of that Sze are capable
of consuming salmonid juveniles up to 155 mm long (Poe et d. 1991).

Table 3-5. Number of predatory fish caught a the Wdls Project site during a 1993 WDFW survey.

Spring
Species Number Per cent of Total Catch
Northern Squawfish 105 94.6
Walleye 3 27
Smallmouth Bass 3 27

Summer
Northern Squawfish 232 84.1
Walleye 18 6.5
Smallmouth Bass 26 9.4

Source: Burley and Poe 1994.

Northernsquawfishprefer areasof d owwater vl ocity, especidly wherelow velocity borders high-vel ocity
areas (Fder etd. 1988). Such dtesare common inthe Welstailrace. Previous studies have documented
high concentrations of northern squawfish in dam tailraces on the lower Columbia, and attributed such
concentration to the existence of low ve ocity refuges near Stes which frequently contain large numbers of
injured or disoriented prey fish (Beamesderfer and Rieman 1991; Poe et a. 1991). In 1993, predation
indexing studies conducted by the WDFW and Nationa Biologica Survey (NBS) found that the dendty
of northern squawfish at the Wells Project was highest in the taillrace-BRZ (Loch et a. 1994).

Northern squawfish catch in the tailrace boating restricted zone (BRZ) at Wells dam may have been
influenced by release of ocean-type chinook juveniles from the Wells fish hatchery just prior to sampling
(Sauter et d. 1994). Ocean-type chinook juveniles were released from the hatchery and flushed into a
andl spawning channe below the dam. A rdatively large number of squawfish were caught in the
spawning channel, 93 percent of the total tailrace-BRZ catch, whichmay reflect afeeding response by the
sguawfishto the hatchery release. However, Consumptionlndex vaueswere lower thanand gut contents
smilar to other mid-Columbia River project tailraces sampled (Sauter et a. 1994). The authors theorize
that ocean-type chinook juveniles, as well as other prey species, may have sought out quieter water in the
spawning channel areg, created by strong currents flowing fromthe tailrace, thus providing grester feeding
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opportunity for squawfish (Sauter et d. 1994).
Smallmouth Bass

Smdlmouth bass were the second most abundant predatory fish species captured at the Wdls Project
during the 1993 WDFW survey (Burley and Poe 1994). Four smalmouth bassweretaken a Wellsover
gx days of sampling inthe spring (Table 3-4), and 36 were captured over Sx days of late summer sampling.
Most smdlmouthbass were captured inthe Wels tailrace area, but nearly one-third were captured at mid-
reservoir Stes. Based on studies conducted in the lower Columbia River (Tabor et d. 1993), smallmouth
bass gppear to selectively feed on ocean-type chinook salmon. Ocean-type chinook outmigrate and rear
aong the reservoir shoreline and are preyed on by smallmouth bass that inhabit those aress.

Smdlmouth bass are not known to reproduce in Wells reservoir, probably due to water temperature
limitations (Zook 1983). Water temperatures in Wellsreservoir are typicaly lower than those preferred
by smdimouth bass (Wydoski and Whitney 1979) in areas contaning suitable spawning substrate.
Preferred spawning temperatures for this species range from 16 to 18°C (Wydoski and Whitney 1979;
Scott and Crossman 1973); such temperatures consistently occur only in August and September in the
Wels reach. A risein river flow and associated decrease in water temperature during Spawning season
will cause adult bass to abandon their nests and has been linked to the periodic tota loss of annud
production in the lower mid-Columbia reach (Zook 1983). Despite the lack of suitable spawning
conditionsin Wells reservoir, habitat for adult smalmouth bassis plentiful. Adult fish prefer rocky shods
and moderate depths (Scott and Crossman 1973), and arewd| adapted to low productivity, flowing water
habitat suchasthat found inWdlsreservoir. Smalmouth bass inhabiting Wells reservoir are presumed to
have been recruited fromthe OkanoganRiver, where a populationiswell established and expanding (Zook
1983).

Walleye

Waleye are piscivorous gamefishintroduced into the upper Columbia basin to support recreationa fishing.
Twenty-seven walleye were captured during the 1993 WDFW survey at Wells compared to 40 at Rock
Idand, 24 at Rocky Reach, 18 at Wanapum and 13 at Priest Rapids. Eighty-nine percent of the waleye
caught at Wdlsweretakeninthetailrace (Burley and Poe 1994). Concentrations of walleye observed in
the tailraces of the mid-Columbia projects may represent either spawning runs (Brown and Williams 1985)
or a feeding response to the concentrations of vulnerable sdmonids and resdent fishes in the tailrace
(Burley and Poe 1994).

Despite the presence of waleye in the Wdls talrace, which may represent a spawning run, thereis no
direct evidencethat waleye are successfully reproducing in the Wells Project area (Zook 1983). Bennett
(1991) suggested that the two factors most limiting waleye recruitment in the mid-Columbia River were
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low turbidity and alack of juvenile rearing habitat. Walleye require shalow, highly productive backwater
areasfor rearing. Becauseof the short water retention timesand precipitous shordines, the Wd lsreservoir
lacks sites with warm, quiet water and abundant plankton production (Zook 1983). Waleye currently
inhabiting Wells reservoir are believed to have originated upstream in Lake Roosevdt, and have been
carried downstream to Wells reservoir during spring high flows. During the late 1970s, the Wellstailrace
wasthe ste of the mogt active waleye fishery inthe mid-Columbia Thefishery declined abruptly in 1981,
and this decline was attributed to overexploitation of awaleye stock withalow rate of recruitment (Brown
and Williams 1985). Length distribution of sport-caught walleye revealed an absence of immature fish,
supporting the hypothesis that the reproductive success of waleye in the mid-Columbiais limited.

No specific dietary data were avalable for wdleye captured in the Wells Project area during a 1993
Nationd Biologicd Survey (NBS) study (Burley and Poe 1994). A study of walleye food habits at the
John Day reservair in the lower Columbia River suggested that salmonids consistently accounted for only
about 18 to 24 percent of the walleye diet there, evenwhen juvenile outmigrants were abundant and highly
concentrated in areas occupied by walleye (Poe et al. 1991).

The walleye's gpparent inability to reproduce successtully in the mid-Columbia reach precludesthe threst
of popul ationexpl os onand serious sdmonid predation (Brown and Williams 1985). Should the population
of waleye at Wdls substantidly increase, however, this species could impact survivd of the juvenile
outmigrants passing the project.

In summary, because of their number, fecundity and behavior of targeting outmigrating juvenile sdmonids
asafood source, northern squawfish are the primary predator of concernat the Wells Project (Burley and
Poe 1994). Smdlmouth bass and waleye are not numerous in Wells reservoir, resulting in minimal
predation of juvenile outmigrants. Smalmouth bass may pose a notable risk to subyearling chinook
because the subyearlings are a 9ze easly consumed by the bass and they migrate and rear in areas
inhabited by the bass.

Guls

A 1982 study at Wanapum dam, downstream of Wells, indicated that gulls were consuming a substantial
number of outmigrating juveniles (Ruggerone 1986). Prior to indalation of protective devices, ring-billed
gulls consumed an estimated 2 percent of dl juvenile sdmonids passng Wanapum dam. Although Site-
gpecific studies were not conducted at Wells, gulls have been observed feeding heavily on juvenile
outmigrants in the Wdlls talrace. Because of the identification of gulls as a significant predator of
downstream migrating juvenile salmonids, the DCPUD hasingdled gull wiresin the Wdls dam tailrace.
A congderable reduction in gull activity was observed following such ingdlation.

3.5.2 Vulnerability of Juvenile Salmonidsto Predation
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Severa millionjuvenile sdmonid outmigrants pass through the Wells Project areaeachyear (FishPassage
Center 1994). Concentrationsof outmigrating sdmonidsare common inthedam forebay and inthetailrace
areabelow the dam. Some young fish may be disoriented or injured passing the dam, making them more
susceptible to predation.

Tailrace

Downstream migrating fishpass Wells dam either through the turbines, or over modified spillbays. Passage
viaturbines or il is known to temporarily stun, or to injure or kill some young fish (Eicher Associates
1987; Muir et d. 1994). Juvenile outmigrants frequently become disoriented in the strong, turbulent
currentsimmediatdy bel owthedam. Thesedisoriented or injured fish are less adept at escaping predators.
Backwater eddies downstream of the dam tailraces provide ided holding areas for northern squawfish
which prey uponthe disoriented sdmonids(Faler et d. 1988). Gulls also show afeeding response to the
concentrations of disoriented salmonids in dam tailraces (Ruggerone 1986).

In 1993, the WDFW and NBS assessed predation at the Wedls Project and developed consumption,
densty, abundance and predationindices(Table 3-6) (Burley and Poe 1994). The authorsindicated that
predation near the tailrace poses the most gnificant risk to juvenile outmigrantsat the Wels Project (Table
3-7). Samples of the gut contents of northern squawfish collected in the tailrace indicated that squawfish
werefeedingprimarily on juvenile salmonids during the spring (Table 3-6) (Lochet d. 1994). Thenorthern
squawfish predation index for the Wdls tailrace-Boat Restricted Zone (BRZ) was lower than any of the
mid-Columbia proj ects except Rocky Reachinthe spring, but was cons stent between soring and summer
sampling periods (Loch et d. 1994).

Samples of northern squawfish gut contents during the summer suggest that northern squawfish in the
tallrace ether switch to other food items during the summer or reduce their feeding activity (Loch et d.
1994). Approximately 30 to 40 percent of squawfish sampled near the dam had empty stomachs, and
non-salmonid fish accounted for a greater proportion of their diet than in oring (Table 3-7). Squawfish
may curtail or reduce feeding activities in June due to spawning behavior (Stein 1979; Helfman 1981).
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Table 3-6. Northern squawfish (>250 mmfl) index values for various locations at the Wdlls Project,
1993.
Spring
Project location cit DI? Al® P14
Tailrace 05 1.528 0.42 0.21
Tailrace - BRZ® - 1.472 0.07 0.03
Forebay 0.5 1.194 0.37 0.18
Forebay - BRZ® 0.4 1.472 0.02 0.01
Mid-reservoir 0.2 1112 2.05 0.61
Summer
Project location cit DI? Al® P14
Tailrace 05 1.528 0.42 0.21
Tailrace - BRZ® 15 1.472 0.07 0.10
Forebay 0.1 1.194 0.37 0.04
Forebay - BRZ® 0.0 1.472 0.02 0.00
Mid-reservoir 0.0 1112 2.05 0.00

Source: Loch et al. 1994.
1Consumption Index = Number of organisms consumed per day by an individual predator
2Density Index = Estimated number of predators per sample area (The authors did not differentiate density numbers between spring and summer).

3Abundance Index = DI * Surface area (The authors did not differentiate abundance estimates between spring and summer).

“Predation Index = Cl * Al

5Values for boating restricted zone only.
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Table 3-7. Stomach contents of northern squawfish (> 250 mm fl) caught by dectroshocking & the
Wils Project during the spring and early summer, 1993.
Spring
Reservoir Sampling No. of % empty % fish salmonidsas total number of salmonidsasa
L ocation Date Squawfish guts indiet % of prey fish salmonids % of thetotal
consumed consumed diet
Tailrace 4/22-4/24 40 13 100 100 73 100
Tailrace-BRZ 4/22-4/24 0 - - - - -
Forebay 4/22-4/23 18 39 88 31 4 27
Forebay-BRZ 4/22-4/23 12 50 78 40 2 31
Mid-reservoir 4/20-4/21 21 29 60 30 3 18
Summer
Reservoir Sampling Date  No. of % empty % fish salmonidsas total number of salmonidsasa
Location Squawfish guts indiet % of prey fish salmonids % of thetotal
consumed consumed diet
Tailrace 6/24-6/25 55 33 36 33 6 12
Tailrace-BRZ 6/24-6/25 18 39 50 60 6 30
Forebay 6/24-6/25 41 37 37 9 1 3
Forebay-BRZ 6/24-6/25 18 28 37 0 0 0
Mid-reservoir 6/22-6/23 18 83 33 0 0 0

Source: Sauter et al. 1994.
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Reservoir Forebays

Juvenile samonids migrating downstream through Wells reservoir may concentrate in the forebay
immediately upstream of the damprior to finding away through the dam. Asin thetailrace areas, northern
sguawfishand other predators are attracted to such concentrations of juveniles. Density indices of northern
squawfishinthe Wdls forebay sample area during the spring were dightly lower thanthose observed inthe
tallrace (Table 3-6) (Loch et d. 1994). Gut sample contents of northern squawfish during the spring
indicated that salmonids accounted for a much lower proportion of the squawfish diet than in the tailrace
(~ 30% compared to 100%) (Table 3-7). Few sdmonids were identified in gut content samples from 23
squawfishsampled inthe forebay areain late June. The lack of sdlmonids in squawfishgut samplesduring
the summer may reflect the fluctuation in timing of sdlmonids outmigrants.

Mid-reservoir

Predation losses of juvenile sdmonidsto northern squawfishinthe main portion of Wells reservoir appear
to be minima. Northernsquawfishwere abundant in the mid-reservoir at Wells as compared to some of
the other mid-Columbia reservoirs (Burley and Poe 1994). Juvenile sdmonidsaccounted for 18 percent
of the northern squawfish gut contents taken from the mid-reservoir at Wells reservoir during the spring,
but were not found in any of the gut contents of northern squawfish in the summer of 1993. No
concentrations of prey or predators were observed a the mid-reservoir sites. The relative scarcity of
sdmonids contained in the gut contents of northern squawfish taken from the mid-reservoir, as compared
to the tailrace and forebay, suggeststhat juvenile salmonmay be more adept at avoiding northern squawfish
away from the dam ste.

In summary, the greatest risk of juvenile outmigrant mortdity due to predationat the Wells Project occurs
in the tailrace. The concentration and disorientation during dam passage makes juvenile outmigrants
particularly susceptible to predationat thissite. Concentrations of outmigrating salmonids may be exposed
to potential predation in the forebay, but predators do not appear to target the juvenile salmonids as
successfully inthisarea. Based on existing informetion, predation in mid-reservoir appears to be low in
Wellsresarvair.

3.5.3 Existing Mitigation Measures

At present, mitigation measures implemented to reduce predation at the Wells Project are inddlation of
wires across the tallrace-BRZ and implementation of a squawfish remova program to prevent gulls and
squawfish from feeding on juvenile sdmonids. No specific data are available on the effectiveness of the
gull wiresa Wells dam, but Ruggerone (1986) suggested that such measures could reduce consumption
of juvenile sAmonids sgnificantly in areas protected by wires based on studies conducted at Wanapum
dam. Occasondly gulls learn to navigate through the wires and periodic hazing is conducted to frighten
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gulls away from the tailrace area

The DCPUD contacted with the USDA in 1995 to extend gull wires farther downstream in the tailrace
area. Thewireswere extended from a"pivot point" on the east bank near the earth fill areaacrosstheriver
to the west shorein aradia fashion. The new gull wires extend an additiona 400 feet downstream and
increase the tailrace area covered by wires from nine acres to 17 acres (Klinge, pers. comm., 21
September 1995).

The DCPUD dso indituted a pilot squawfishprogramfor removal a Wels damin1995. Squawfish were
removed from the tallrace and Wells fish hatchery release areaviagillnets and angling with hook-and-line
in an attempt to reduce predation-related mortaity on downstream migrating juvenile sdmonids. Results
of the program were not as great as expected in 1995. Modifications were implemented in 1996 to
increase the effectiveness of the squawfish remova program.

3.54 Ongoing Mitigation Efforts
No program for monitoring anadromous saimonid |oss due to predation is being conducted at thistime.
36 TRIBUTARY HABITAT STATUSAND IMPROVEMENT OPPORTUNITIES

The fallowing information concerning an assessment of tributary habitat in the Methow and Okanogan
Riversisasummary from Bugert et d. (1997).

3.6.1 Methow River Water shed

The Methow River supports several populations of "Plan Fish Species’ . Oceantype chinook spawn only
in the mainsem Methow River, between French Creek and the confluence with the Chewuch River.
Stream-type soring chinook spawn primarily in the mainsem Methow River upstream of the confluence
withthe ChewuchRiver, and inmgor tributariesindudingthe Twisp River, ChewuchRiver and Lost Creek
(Hubble and Sexauer 1994). Based on redd counts, the average natural escapement to the Methow River
(including both wild and hatchery fish) has dropped from 3,429 for the period 1960-1969 to 772 for the
period 1990-1995. Spring chinook spawninthe Twisp River, the Chewuch River between Boulder Creek
and Lake Creek, in Lake Creek, and inagmdl sectionnear the mouthof Thirtymile Creek. Escapements
over the last 3 decades (1964-1973, 1974-1983, 1984-1993) are estimated to average 505, 384 and
310, respectively (U.S. Forest Service 1995).

Sockeye salmon adults are observed in the Methow River nearly every year (Chapman et a. 1995b).
These fish are believed to be strays from the Wenatchee and Okanogan stocks, artifactsfromrel eases of
the Winthrop NFH between 1945 and 1958.
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The mgority of land in the Methow basin (94%) is comprised of public lands managed for multiple use
(primarily timber harvest, recreation and grazing). An extensve forest road system has been developed
in the Chewuch and Twisp River basins since the 1930s, Roads are frequently located in narrow
floodplains, and may impact aquatic habitat through reduced riparian canopy, lost off-channel habitat,
reduced pool habitat and increased sediment loads. The USFS estimates that sediment ddlivery to the
Methow systemfrom activities on public lands is only ten percent higher thanbackground. Thustheeffect
of increased sediment on saimonid production is not assumed to be a maor concern.

Theremaning land areaconsgts of private holdings. Privatelands contain most of theriparian bottomlands
accessible to anadromous salmonids. Private lands in the basin are used for home stes, smdl farms,
irrigated agricultureand grazing. Approximately 60 percent of the riparian bottomlands used by livestock
have suffered eroson bank doughing and bank cutting.

Peak flows occur in late spring as the result of snowmet runoff. Low flows occur in late summer, and
dewatering of several reaches of the mainstem Methow and Twisp Rivers has been documented
(Northwest Power Flanning Council 1990; Cadwel and Catterson 1992; MPP 1994). Dewatered
reaches often coincide with areas supporting the highest dendity of spring chinook redds and rearing
juveniles (Hubble and Sexauer 1994). While the dewatering gppears to be a natural phenomenon, it is
exacerbated by irrigation withdrawas.

The qudity of waters in the Methow basin is rated high, with mgor tributaries medting Class AA
(extraordinary) or Class A (excdlent) standards. Water temperaturesmay occasionally exceed statewater
quadity standards in the summer.  Anchor ice development in the winter has also been identified as a
potential problem. Four reaches in the lower maindem Methow and Twisp Rivers were rated as water
qudity limited [on the state 303(d) list] because of low ingtream flows.

Habitat in the upper mainstem Methow River has experienced limited impacts from either natural events
or logging, grazing and agriculture. The quaity of substrateisgood (Chapmanet d. 1994a). Downstream
of the confluence with Chewuch River, agricultura uses predominates on stream adjacent lands, and
detrimenta impacts have been noted (Washington Department of Wildlife 1993).

Habitat in the Chewuch River hasbeenimpacted by channdlization and forest harvest. The northeast half
of the watershed is rdatively undisturbed and functiondly intact. Habitat inventories Okanogan Nationd
Forest (ONF) indicate that large woody debris (LWD) is deficient in much of the maingem. The USFS
hydrologigts believe the low level of woody debrisis the result of a combination of stream cleanouts for
flood control, salvage of instream wood, and extensive streamside harvest of potentia recruitment trees.
Portions of the lower Chewuch River have been channelized asaresult of bank protection efforts after the
1948 flood.

Habitat inventories conducted by the ONF indicate that LWD is aso below standard in much of the
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mainstem Twisp River. The highest densities of sdmonid production for dl species combined has been
observed in rdatively undisturbed tributary reaches withthe dowest movingwater (Hubble 1994). These
areas contain abundant cover inthe formof LWD, bouldersand other associated habitat festures (Mullan
1994).

It is unclear why the Methow River has amdler runs of summer chinook than other mid-Columbia
tributaries(Mullanet d. 1992) In generd, the condition of spawning graves inthe lower Methow isgood,
asiswater quaity during the mgority of the summer chinook rearing residence. Thereisevidencethat some
subyearlings remain in the Methow River through summer, and emigrate in fal (Chapman et al. 1994a).
If a large component of the populations remains through summer, they may be effected somewhat by
irrigationwater withdrawals. Irrigationwithdrawa smay a so reduce adult migration, holding, and spawning
habitat (Chapman et d. 19944), and effectively increase summer water temperatures.

The maingemM ethow River and tributaries can be a hodtile environment for sdmonids during late summer

low flows and winter. Stream channel confinement provides adequate depth and cover for sdmonids, yet

temperatures and flow extremes may cause sgnificant mortdity. Lack of riparian cover reduces shade and

alows ggnificant loss of thermd insulation inthe winter. Much of the spawning and rearing habitat for

spring chinook salmon lies upstream from irrigetion diversons. However, because it flows through a
permesble glacid deposit some reaches may become dewatered. Prespawning mortality may be a
sgnificant factor for spring chinook in the Methow (Scribner et a. 1993; Chapman et d. 19953). Lack

of holding cover associated with LWD is one potential cause.

Lack of LWD in the Chewuch and Twisp may dso exacerbate the movement of juvenile chinook
downstreaminto areas that may be less suitable for overwintering. However, severd authorscite evidence
that the qudity and quantity of juvenile rearing and adult holding habitat has elther remained the same or
increased dightly since the 1930s (Mullan et d. 1992; Mcintosh et a. 1994).

Recommended strategies to maintain or enhance salmonid habitat in the Methow basin focus first on
protection of existing habitat by securing riparian habitat. This protection may be accomplished through
conservation easements or direct purchase. Habitat restoration strategies center on maintaining instream
flows through renovation of the Methow Valley Irrigation District systems, and support of water
conservation measuresin tributary diversons. A second god is to increase the complexity of the stream
channd and floodplain by restoring Sde channel function and restoring riparian habitats.

28 May 1998
22165\we\draftisec3 Page 3-52



WellsHCP  Section 3.0 Salmonid Protection Issues and Existing Mitigation Measures

3.6.2 Okanogan River Watershed

The following paragraphs represent a summary of materid contained in the draft report titled "Aquatic
species and habitat assessment: Wenatchee, Entiat, Methow and Okanogan Watersheds® (Bugert
et a. 1997), which is an exhibit to thisHCP.

OKANOGAN RIVER

The Okanogan River originates in British Columbia, and flows south through severd large |akes before
reaching the United States at L ake Osoyoos. Below the lake, the river continues south for gpproximeately
200 km before entering the Columbia River. Mgor tributariesinthe U.S. indudethe SmilkameenRiver,
and Tonasket, Bonaparte, Tunk, SAmon and Omak Creeks. The lower 27 km of the river has been
inundated by the pool of the Wells Hydrod ectric Project.

The average annud flow of the Okanogan River (measured at Ellisforde, approximately 17 kmdownstream
of Lake Osoyoos) is 3,200 cfs. About 75 percent is contributed by the Smilkameen River. Howsinthe
Okanogan River are regulated by a series of dams in British Columbia, and by Zosel Dam in the U.S.
Water releases to meet fishery needs are negotiated yearly by a consortium of fisheries and irrigation
managersfrom the United States and Canada. In 1976, WDOE established base flowsfor the Okanogan
River (WAC 173-549) and ruled that no further appropriationof surface water dhdl be made whichwould
conflict with these flows.

Major land useactivitiesinthe U.S. portion of the Okanogan basin indudeforestry, mining, agriculture and
grazing. Major timber producing lands include the Loomis Forest, managed by the WDNR, and the
Okanogan Nationd Forest (ONF). ONF lands in the northwest include part of the Pasayten Wilderness.

The Similkameen River is considered one of the better gold producing streams in the state (Barth and
DeMayer 1982). The Washington Department of Natura Resources (WDNR) issuestwo year leasesfor
the bed and shordlands to private individuas .

Agriculturd activitiesinduding irrigated croplands, orchards, and livestock wintering grounds predominate
in the wide, low gradient valey dong the maingem Okanogan River. Irrigators rely on weater from two
primary sources. the Smilkameen River (gpproximatdy 180 cfs during peak season) and the mainstem
Okanogan (approximately 33,500 acre feet annualy).

The Okanogan River currently supports anadromous runs of chinook salmon, sockeye salmon and
steelhead. Upstream passage of anadromous fish is limited by severd mgor barriers. Mcintyre Dam,
goproximately 21 km upstream of Lake Osoyoos, is a barrier to a sockeye migration, although some
samon have been known to pass the dam in high water years (Hansen 1993).  Enloedam, at RK 14 on
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the Similkameen River, islocated at a Site of anaturd fals that blocks anadromous salmonid access.
Other barriersincdlude adiversondamon Salmon Creek and a velocity barrier onOmak Creek. The dam
divertswater from Salmon Creek into an irrigation ditch, dewatering the lower 5 km of the streamexcept
during spring freshets. Theveocity barrier isformed where Omak Creek isrouted through alarge culvert
under the Omak Wood Products Mill near the mouth of the creek. Funding to correct the velocity barrier
hasbeen obtained by the Colville Confederated Tribes (CCT), and this actionisexpectedtorestorenatura
production to over 60 km of steelhead habitat.

The run strength of ocean-type chinook has declined dightly in the mainsem Okanogan over the last 20
years, and increased dightly in the Similkameen River (Chgpman et d. 1994a). Summer chinook spawn
inlimited areas over gpproximately 103 km of the mainstem Okanogan between Zosdl Dam (at the outlet
of Lake Osoyoos) and the town of Maott. Onthe Similkameen River, summer chinook spawn from Enloe
dam to Driscoll 1dand, a distance of gpproximately 14 km (Hillman and Ross 1992).

There are no indications that spring chinook salmon currently use the Okanogan drainage. Historical
records indicate that they used three areas: SAmon Creek (prior to construction of the diverson dam
(Craig and Suomela 1941); tributaries upstream of Lake Osoyoos (Chapmanet d. 1995a); and possibly
Omak Creek (Fulton 1968).

The run strength of sockeye saimonis highly variable; escapement hasranged from alow of 1,662in1994
to a high of 127,857 in 1966 (as measured a Wdls Dam). Sockeye salmon spawn upstream of Lake
Osoyoos, primaily over an 8 km reach in the mainsgtem Okanogan River between Lyons Park and
Mclintyre Dam(Hagenand Grette 1994). Lake Osoyoosis the primary rearing area for sockeye salmon
in the Okanogan watershed. The lakeis eutrophic, and has an abundant food supply (Rensel 1996).

Few wild steel head currently use the OkanoganRiver, and the historical record, while incomplete, suggests
that steelhead use has dways been low (Mullan et d. 1992). Samon Creek, Omak Creek and the
Similkameen River had smdl runs of steelhead, but are not used now because of passage barrierson each
Stream.

The Okanogan River, Smilkameen River, Omak Creek and Lake Osoyoos are dl on WDOE's 303(d)
lig of water qudity impaired water bodies. Feca coliform bacteria, totd bacteria, pH, temperature and
dissolved oxygen levels have all exceeded state and federal water qudity criteria. Water temperatures
often exceed letha tolerance levels for sdmonids in the lower Okanogan River. This exceedence is due
inpart to solar radiationonthe upstream |lakes, but isexacerbated by sedimentation, irrigationwithdrawas
during summer low flows, and the lack of riparian cover. High temperatures in the summer and fall
effectivey excdlude juvenile saimon from rearing in most of the accessible watersin the basin.  Highwater
temperatures in the lower Okanogan River may at times block adult anadromous salmonid passage.
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Lake Osoyoosis relatively shdlow, very warm in the summer months, and appearsto be in the trangtory
state leading to complete eutrophication (Booth 1969; Allen and Meekin 1980). The warm water
temperatures, anoxic hypolimnetic areasand lakedwelling predatorsmay influence sockeye salmonsurviva
inthe lake (Pratt et . 1991).

Sockeye productioninthe Okanogan system is currently believed to be most limited by spawning habitat
(Allenand M eekin1980; Mullan1986; Chapmanet d. 1995b). Fow reductionsin the mainstem upstream
of Lake Osoyoos may have serious impacts on incubation surviva (Mgor and Mighell 1966); Mullan
(1986) stated that 15,000 more sockeye could spawn in theriver if flowswereincreased from375 cfsto
470 cfs during spawning, and maintained at that level throughout incubetion.

Spawning grave that remainsaccess bleisseverdy limited because of sedimentation. Heavy st loadshave
caused fines to infiltrate redds, and smother habitat for invertebrates in the Smilkameen and lower
Okanogan Rivers. High turbidity in these reaches reduces the feeding efficiency of juvenile sdmonids.
Surface erosionon agricultura bottomlands and mass wasting onadjacent hilldopeswereserious problems
in the 1970s, but have been reduced by switching crops and adoption of Best Management Practices
(BMPs) by USDA. Sedimentation from roads within the forested areas is dso a concern.

Undgtable banks are dso a issue dong the maingem Okanogan River. A 1994 survey by the NRCS
indicatedthat approximately 14.6 kmof riverbank between Oroville and Tonasket requirestreatment. The
OCCD and NRCS recently started collaborative bank stabilization efforts using bioengineering concepts.

Recommended drategies to mantan or enhance sdmonid habitat in the Okanogan basin focus on
fadlitating and funding indtitutiond activities such as BMPs and CRMPs to reduce nonpoint sources of
organic pollutants and sediment. Discuss ons with Canadian authorities on means to improve passage and
pawning conditions will be accomplished through the Cooperdtive River Basin Project, facilitated by the
OCCD. Hahitat restoration strategies include passage improvements on Sdmonand Omak Creeks, and
revegetation of eroding banksin important spawning aress.
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